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PREFACE   TO   THE    SERIES. 


The  first  edition  "f  the  Botanical  Test-Bmik  was  pub- 
lished ill  the  year  1842,  the  fifth  in  l8o7.  Each  edition 
has  been  in  good  part  rewritten, — the  present  one  entirely 
80,  —  and  the  compass  of  the  work  U  now  extended.  More 
elementary  works  than  this,  such  as  the  writer's  Lessons 
in  Botany  (^  which  contains  all  that  ia  necessary  to  the  prac- 
tical study  of  systemftiio  Phienogiimoiis  Botany  by  means 
of  Manuals  and  local  Floras),  are  best  adapted  to  the 
needs  of  the  young  beginner,  and  of  those  who  do  not 
intend  to  study  Botany  comprehensively  and  tlioroughly. 
The  present  treatise  is  intended  to  serve  aa  a  text-book 
for  the  higher  and  completer  instruction.  To  secure  the 
requisite  fulness  of  treatment  of  the  whole  range  of  sul)- 
jects,  it  has  been  decided  to  divide  the  work  into  distinct 
volumeB.  eiich  a  treatise  by  itself,  which  may  be  indepen- 
dently used,  wliile  the  whole  will  compose  a  comprehen- 
sive botanical  couree.  The  volume  on  the  Structural  and 
Morphological  Botany  of  Pha>nogaranua  Plants  properly 
comes  first.  It  should  thoroughly  equip  a  botanist  for  the 
scienlific  prosecution  of  Systematic  Botany,  and  furnish 
needful  preparation  to  those  who  proceed  to  the  study  of 
Vegetable  Physiology  and  Anatomy,  and  to  the  wide  and 
varied  department  of  Cryptogamic  Botany. 


Vi  PREFACE. 

The  volume  upon  Physiological  Botany  (Vegetable  His- 
tology and  Physiology)  has  been  prepared  by  the  writer's 
colleague,  Professor  Goodale. 

The  Introduction  to  Cryptogamous  Botany,  both  struc- 
tural and  systematic,  is  assigned  to  the  writer's  colleague, 
Professor  Fablow. 

A  fourth  volume,  a  sketch  of  the  Natural  Orders  of 

Phsenogamous  Plants,   and  of  their  special  Morphology, 

Classification,  Distribution,  Products,  etc.,  will  be  needed 

to  complete  the  series:  this  the  writer  may  rather  hope 

than  expect  himself  to  draw  up. 

ASA  GRAY 

Hebbabicm  of  IIarvabd  Uniykbsitt, 
Cajiubidos. 


Thb  present  volnme  is  devDtcd  to  a  eonsiiJeration  of 
the  mici'oscopio  structure,  the  development,  umi  the  func- 
tions of  flowering  plants;  l)i«t  13,  to  tlioh'  Veget;ible  His- 
tology, Orgnnogeny,  and  Pliysiology.  In  the  fii-st  volume 
of  the  BotiiuiL-al  Tfxt-Book  these  tiojnus  were  treated  only 
incidentally,  or  in  an  eiementiiry  nitiriner,  aa  an  introduc 
tion  to  Morphology. 

Cryptogams,  or  flowerless  plants,  are  treated  in  this 
volume  only  so  far  as  their  study  may  throw  lijjiit  on 
certain  featuies  of  the  anatomy  and  pliysiology  of  PhiBno. 
gams.  The  simple  structure  of  many  of  the  flowerless 
plants,  especially  of  those  of  the  lower  grades,  makes  them 
suitable  objeuts  in  which  to  Investigate  numerous  phe- 
nomena of  vegetable  nutrition,  growth,  and  reproduetiun, 
and  they  have  been  extensively  emjiloyed  a.i  convenient 
material  for  this  purpose.  Reference  must  therefore  lie 
mad?  in  the  present  treatise  to  some  of  the  more  importani 
resnltx. 

Vegetable  Histology  treats  of  the  minute  suatomy  of 
plains.  A  knowledge  of  its  leading  facta  is  indispensable 
to  a  clear  understanding  of  Vfgetable  Physiology,  and 
their  presentation  must  needs  precede  any  satisfactory 
examination  of  the  latter.  The  technitpie  of  Vegetable 
Histology  refjuir^s  special   treatment,  and  therefore  curr- 
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>iderable  space  has  been  devoted  to  its  appliances  and 
methods.  'I1»is  h[>ecial  treatment  lias  been  supplemented 
by  a  series  of  piaetical  exercises  which  the  student  is 
urgt'd  to  perform  in  the  order  doignatcil.  It  will  he 
seen  tl»at  in  some  cases  several  examples  are  sujjgested  : 
the  beginner  is  advised  U)  examine  tlioroucrhly  at  least 
<me  of  tlie  examples  under  eacli   liead. 

Organogeny,  the  .Niudy  of  Uiiscent  organs,  occupies  much 
of  tlie  middle  ground  between  Histoh)gy,  Morphohj^y,  and 
Physiolog}.  Tiie  means  l»y  which  it  is  investigated  are 
those  of  Histology,  but  its  answei^s  are  given  to  Mor- 
phology. Vol'  convenience,  the  study  of  the  development 
of  ea(rh  organ  of  the  plant  is  made  to  precede  the  examina- 
tion of  its  mature  state. 

Vegetable  Physiology  concerns  itself  with  the  life  of 
plants.  Tiie  appliances  of  which  it  makes  use  are  taken 
chiefly  from  Phvsics  and  CMiemistrv.  and  facilitv  in  their 
emph»yment  demands  some  practical  acquaintance  with 
those  <lepartments.  To  one  who  has  worked  systemati- 
cally in  a  pliysical  and  chemical  laboratory,  experimental 
vegetable  physiology  presents  little  <lifficulty.  To  aid  the 
work  of  stu<lents  who^e  opportunities  for  experimenting 
in  Physics  and  Chemistry  have  been  slight,  a  series  of 
prjH-tical  exercises  in  Kxp<»rimental  Physiology  has  been 
added.  The  appliances  selectx'd  for  tln\se  examples  are 
not  complicated  or  expensive,  and  it  is  hoped  that  teachers 
and  students  alike  may  find  their  employment  practica- 
bh».  'I'he  Praxis  embodies  in  eonipendious  atid  conven- 
ient form  *]*.}  directions  which  have  been  employed  by 
the  author  in  his  classes. 

The  illustrations  of  tissues  and  of  apparatus  have  been 
t^iken  from  mativ  sources.     Thev  have  been  selected  with 
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reference  to  the  special  needs  of  those  students  to  whom 
the  larger  works  and  the  current  journals  are  not  easily 
accessible.  The  same  rule  has  been  largely  followed  in 
the  treatment  of  citations  from  authorities.  Where  it  has 
been  possible  to  do  so  without  too  great  sacrifice  of 
space,  the  phraseology  of  the  original  reference  has  been 
given. 

In  the  preparation  of  this  volume  the  author  has  had  at 
many  steps  the  wise  counsel  of  his  teacher  and  associate. 
Professor  Asa  Gray,  to  whom  he  wishes  to  make  his 
grateful  acknowledgments. 

Ill  the  proof-reading,  verification  of  references,  and  In- 
dex, Mr.  W.  W.  NoLEN,  Assistant  in  Biology,  has  rendered 
aid  of  great  value.  His  painstaking  and  good  judgment 
have  lightened  in  every  way  a  formidable  and  burdensome 
task. 

GEORGE  LINCOLN  GOOD  ALE. 

Botanic  Garden  op  Habyard  Univbrsitt, 
Cambridge.  Mass.,  August,  1886. 
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PHYSIOLOGICAL  BOTANY. 


INTRODUCTION. 


HISTOLOCMCAL    AIMMJ ANTES. 

The  instruments  and  other  nppliniuM^  nsrd  in  tin*  oxaiiii- 
nntioii  of  minute  vegetable  structure  nre.  with  the  i'xee[)tion  of 
a  few  S|>eeia1  ones  to  he  considered  hiter.  the  fnllowiiiLr :  — 

1.  Simple  microscope*  For  tlie  preliininni'v  preiKiration  ot 
many  objects,  a  simple  stage-!iiieroseo[>e  is  indis[)eiis:il>le.  It 
sliould  be  furnished  with  only  the  Ik-^i  lenses,  piefiTahly  doub- 
lets or  triplets,  magnilyinjx  fn>ni  ten  tout  least  twt'ntv  diameters. 
The  glass  portion  of  tlie  stage  should  l)e  not  less  than  an  inch 
and  a  half  in  diameter;  supports  at  the  sirlcs  of  the  stage,  on 
wbicli  the  wrists  may  rest  during  dissections,  are  of  eonsideral)h* 
use.  If  the  comiK>uud  microscope  dcserilu'd  )k1o\v  is  provi<h'd 
also  with  an  inverting  eye-piece  and  witii  an  ol)jective  of  long 
focus,  it  can  be  made  to  serve  for  most  di-^^ictions  :  otherwise  a 
simple  microscope  should  always  hv  at  h:ind. 

2.  Componnd  microsco|N'«  When  reduced  to  its  simph>st  terms, 
this  wmsists  of  a  sUige,  or  tlat  support  for  the  object  to  be  ex- 
nmine<l,  an  adjustabh'  tube  carrying  two  combinations  of  Icum's, 
the  obj<'ctive  and  tlie  eye-piece,  and  linally  some  means  of  jUu- 
niinating  the  object.  The  desiderata  to  be  borne  in  niin<l  in  the 
«election  of  a  comiX)und  microscope  for  use  in  \'egetabh^  His- 
tology, are:  excellence  in  the  optical  parts,  ease  and  steadiness 
in  their  adjustment,  and  simi)licitv  of  construction.  ( )tlu?r  tilings 
l»eing  equal,  a  microscope  with  a  short  tul»e  and  witli  a  low 
stand  will  be  most  Cimvenient,  on  account  of  the  lai-ge  number 
of  cases  in  which  reagents  must  Ik.*  employed,  their  n[)[)lication 
requiring  a  horizontal  stage. 
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3.  Three  objectives  and  two  eye-pieei^,  from  comln nations  of 
which  magnifying  powers  of  forty  to  eight  Imndn^l  ditimeters 
can  be  obtained,  will  sulliee  for  nearly  all  tlic  hi.stologii-al  work 
described  in  this  volume.  Two  objectives  and  a  single  eye- 
piece furnishing  i>owers  of  sixty  to  livt*  hundred  diameters  are 
enough  for  all  ordinary  investigations  of  minute  structure.  Ach^- 
quate  and  convenient  illumination  is  secured  l>y  a  plane  and  a 
concave  mirror  under  th(?  stage.  If  this  is  supplemented  by  an 
achromatic  condenser,  so  much  the  better.  The  stage,  prefer- 
ably thin,  should  be  provided  with  a  perforated  revolving  disc, 
or  other  suitable  system  of  diaphragms,  by  which  its  central 
aperture  can  be  made  larger  or  smaller. 

1.  The  student  ought,  at  the  outset  of  his  work,  to  make 
himself  familiar  with  th(»  principal  effects  which  are  produced 
in  the  appearance  of  th(»  object  in  the  field  of  the  microscope, 
by  changes  in  X\w.  amount  and  direction  of  the  light  thrown  by 
the  mirror.  Details  can  sometimes  be  brought  out  clearly  by 
oblique  illumination,  which  are  only  faintly,  if  at  all,  seen  in 
direct  light. 

5.  In  general,  low  muguifying  powers  are  to  be  prefern.'d  to 
higher  ones  ;  and  combinations  of  high  objectives  with  low  eye- 
pieces, securing  a  given  magnifying  power,  are  always  better 
than  those  in  which  low  objectives  and  high  eye-pieces  are  used 
to  obtain  the  same  enlargement. 

G.  The  slips  of  glass,  or  "  slides,"  upon  which  microscopic 
objects  arc  commonly  prepared  and  preserved,  are  three  inches 
(70  nun.)  long  by  one  inch  ('2i)  mm.)  wide.  This  is  for  most 
cases  a  more  convenient  size  than  that  frequently  employed  in 
Germany  ;  namely,  48  x  28  millimeters.  The  glass  should  be 
free  from  color  and  from  imperfections.  The  preparation  to  be 
examined  und(?r  the  microscope  should  be  covered  with  a  disc 
of  thill  glass  before  it  is  brought  under  the  objective.  Perfect 
cleanliness  of  slide  an<]  cover-ghiss  is  absolutely  n<'cessarv  in  all 
examinations,  and  must  l)e  secured  by  the  exercise  of  scrupulous 
care.* 

7.    Dissecting  instrunientr..     Sharp  d(*licate  needles,  by  which 


^  Kor  rli'aiiini;  ^lii.vs  ]M'iT<'ctly,  the  follow  in;;  pn']>:iiatioii  may  l»r  m.-*-'!  : 
A  str«»ng  solution  (if  jHjtassii-  l)i{"hroniat«*  to  wliicli  alont  half  as  uwvh  •  •  .i- 
oentnitcd  snl|>hurii.'  a'itl  i*'  cauliously  acM«Ml.     To  this  mixturr  atld  an  <i(';..L 
volnim'  of  watrr.    TIm'  ^ijlass  slips,  or  covfis,  arc  to  iKi  k«-|it  in  this  solution  j. 
a  sliort  tiiuf,  an«l  llii-n  thoroughly  rius^Ml  in  i»ure  water,  after  which  tlicy  in  "' 
V^  <lri<'tl  with  clotli  or  Wiusli-leatlnT.    Ftironlinary  usv  alcohol  of  usual  sti-.':'.   ! 
answers  the  purjjose  very  well. 
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I  be  separated  bj-  teasing,  arc  often  better  than 
aii_v  cutting  iiistniraciits.  Tliey  are  indispensable  in  the  ex- 
niiilnatiun  of  very  joinig  (lower-liiKla.  ami  uf  gi-ent  use  in  tlio 
isnlatinii  of  tissnes  uiidei'  the  ilissei'tinj^  tiiieroscope. 

S.  KnRli.'i cully  thin  eections  of  sott  iinrt^  may  \te  intuic  by  any 
keeu-e<lgi'il  knife.  A  razor  of  good  ({imlity  is  gcnei-ally  to  be 
prefeiTcil  to  the  oirliiiary  dissecting  seal^iel,  siiiec  its  wide  and 
siifT  blade  can  be  hold  with  greater  steadiness,  and  its  steel 
admits  of  as  sharp  an  edge.  As  a  nde,  the  razor  should  he 
dipl>cd  in  wat«r  lieri>LV  nsiug.  as  this  pei-niits  llio  atpol  to  pass 
more  easily  throngh  tissues.*  If  the  parts  from  wliich  sections 
are  to  he  made  are  too  small  to  lie  held  in  tin-  lingers,  tliey  can 
be  lirinly  seizetl  between  slices  of  pith.  It  is  ofU'ii  convenient 
lo  imbed  the  object  in  ])ai'allln  or  in  an  alcoholio  solution  of 
soap.'  TItcso  melt  below  the  tempcratui-e  of  lH>iling  water,  but 
are  solid  at  ordinary  tempcratMies,  and  Ibc  latter,  if  pi-opei-ly 
mnde,  is  transparent.  A  little  of  the  meltitt  imbedding  sub- 
Btaneo  is  poured  into  a  small  cone  v{  glnzid  paper,  and  when  it 
IwgiiiS  to  cool,  the  object  is  plaied  in  the  mifldle  of  the  mass. 
U|Kin  complete  cooling  it  is  firmly  held  Ihcit-in. 

Before  putting  thu  object  into  parallhi  it  shonld  firet  lie  sntn- 
raU'd  with  aUoIiol,  and  this  rcplawd  by  benzol  or  oil  of  cloves, 
in  order  to  enable  the  paratfin  to  hoUl  the  Rpeeimcn  firmly.  The 
pai-affln  may  l>e  dissolved  away  from  tlic  sections  bj-  application 
of  Ifnzol.  oil  of  cloves,  or  turpentine  (see  also  110). 

9.  Thin  sections  arc  best  removed  from  the  knife  by  a 
camel'a-hair  [Teneil,  and  are  to  be  placed  at  once  in  water  or 
some  other  liquid.  Except  in  certain  eases,  water  may  be  used 
afi  a  medium  for  the  preliminary  Gxamination  of  sections. 

10.  MlcrotAtae,  Any  of  the  simpUr  inici'otomcs,  or  seclion- 
cntlers,  will  be  eonvonient  in  much  histulc^ical  work,  and  of 
groat  nse  in  the  preparation  of  a  series  of  sections  fVom  any 
very  minute  object,  since  this  permits  them  all  to  be  of  exactly 
the  same  Ihicknees. 

11.  Heaearenientii.  Alieroscopic  objects  ai-o  measured  by 
inicrftraoteis.  Tin-  eye-piece  mierometer  can  he  more  rapidly 
used  than  one  on  the  stage  of  the  in^tniment;  and  if  its  value 

'  AdmtiUiK"  is  fi'eiiiiciiil)'  gninesl  liy  moistening  Ihi-  tilgo  of  tlio  Itnifa  with 
dilnto  potastio  Iryilr.itu  bi'r.>re  iiiii|'irif;  il  in  wulrr,  iIihh  rvmoving  imcpa  of 
oil  which  niny  hnve  adlieml  to  it  iluring  slinqn'niii);.  Rnl  |>»Uaiiic  hyilntu 
•hunld  not  \>v  iisi-il  in  this  n-.iy  if  rcn^'eiits  hfr  lo  t>r>  ^iiWijiiTintly  eiii|iloyeil. 

>  Hade  by  disMlvint;  riiuush  of  «ny  gooit  leui»|Hireiil  map  ui  liot  ftleohol, 
to  ronn,  upon  nnhlijf.  i  finii,  clear  ouu. 
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for  the  dirtei*ent  objectives  and  for  the  length  of  tube  has  been 
determined  accurately,  it  is  usuail}-  preferable. 

The  values  of  the  spaces  in  the  eye-piece  micrometer  are 
ascertained  by  comparison  with  known  values  of  the  spaces  on 
a  standard  stage  micrometer ;  for  example,  if  one  space  in  the 
eye-piece  micrometer  corresponds  to  five  spaces  of  the  stage 
micrometer,  and  the  latter  has  a  value  of  one  thousandth  of  a 
mfllimeter,  each  space  of  the  former  equals  five  thousandths  of  a 
millimeter. 

The  unit  of  microscopic  measurement  is  the  "  niicro-mlili- 
meter,"  ^  one  thousandth  of  a  miirnneter.  It  is  expressed  by 
the  Greek  p. 

12.  Drawing.  An  image  of  the  object  under  the  microscoi)e 
ma}*  be  cast  by  reflection  u|>on  i)aper  at  the  side  of  the  micro- 
8c*oi>e,  by  means  of  a  CauK'ra  lucida.  Several  forms  of  the 
Camera  lucida  are  adapted  to  use  with  the  tube  of  the  micro- 
scoik;  in  a  vertical  jtosition,  and  are  more  convenient  for  the 
majority  of  cases  coming  within  the  sl-oik*  of  the  present  work. 
Oberhiiuser's,  IVlilne  Kdwards*s,  and  Abbe's  are  of  this  kind. 

13.  Polarizing  apparatus*  This  is  of  great  use  in  the  exami- 
nation of  certain  contents  of  cells.  It  consists  of  two  Nicol 
prisms,  one  below  the  stage  of  tiie  microsox)pe  and  receiving 
the  liglit  which  is  reflected  from  the  mirror,  the  other  in  tiie 
eye-piece.  Upon  turning  one  of  the  prisms,  distinctive  op- 
tical cliaracters,  not  otherwise  seen,  are  presented  b}'  grains  of 
starch,  etc. 

14.  Media  and  reagents*  The  fluid  in  which  a  microscopic 
specimen  is  submitted  to  examination  is  technically  known  as  its 
medium.  Chemical  agents  subsequently  added  for  the  purpose 
of  producing  changes  by  which  the  chemical  character  of  the 
objects  ma}'  be  recognized,  are  termed  reagents.  Some  of  the 
media,  however,  in  common  use  produce  characteristic  changes 
in  certain  cases,  and  might  be  as  truly  referred  to  the  latter 
class  as  several  of  the  reagents  themselves.     The  substances  in 


*  For  convenience  of  nfference,  the  following  table  of  comparative  measure- 
ments is  given  :  — 

M  TXCBES.  ft  TiffCHES..  IVCHCS.  /Ul. 


1    000039 

2  000079 

8  000118 

4  000157 

6  000197 


0  000236 
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9  000354 

10  000394 


One  meter  =  39.370432  inches. 
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TIjW  =  25.3997 
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which  microecoiiic  specimens  are  iireservcil  are  termed  rnountiiig- 
ineilia. 

15.  Media.  In  all  ordinary  cases  pure  wat#r  is  the  liest 
medium  in  whicli  to  jiliitw  iht-  ol>jcut  for  c^aIIliJllltion.  If  dis- 
tilled water  ennnut  be  pi'oem'ed,  lilteiwl  rain-wnter  iir  melted  ice 
will  answer  perfectly.  In  some  instances  water  protluces  an 
immediate  change  either  in  the  cel!-wi>ll  or  in  the  contents  of 
the  cells.  Fur  itiBtance,  the  Hii|)Grlicial  cells  of  tlic  coats  of 
many  seeds  swell  up  at  once  when  Uicy  are  plated  in  waU>r,  and 
lose  tlieir  former  BhajHi ;  on  tho  otiier  hand,  iiuiwrtant  coutenta 
in  the  seeds  of  many  plants  arc  dissolved  iinmediuti'ly  when  the 
seetious  nie  moistincd.  Iletice,  other  media  niuut  he  sometimes 
substitntei)  I'ur  water.  Absolute  alcohol  (see  40)  is  tlie  most 
ust^tVd  for  meeting  the  cases  above  referretl  to.  Thns,  if  a  sec- 
tion of  a  seed-coat  be  first  examined  in  absolute  alcoliol,  and  the 
Blc»bol  be  giwlually  replaced  by  water  as  directed  in  17,  the 
changes  due  to  water  will  talie  place  slowly,  and  can  l>c  watched 
thranghoiit.  For  Uie  eases  in  which  tlic  cell  contents  are  sus- 
pected of  undergoing  change  from  water,  cnstor-oil  is  a  useAd 
medium.  If  tlionght  liest,  this  can  lie  removed  subsequently 
from  tlic  siHJcinien  hy  alcohol  or  ether,  and  the  latter  in  turn 
may  be  made  to  ^\e  plac-e  to  water,  and  the  changes  can  be 
followed  wiLh  certainty. 

16.  Glyceiin  (aec  (JO),  either  concentrated  or  somewhat 
diluted  with  water,  is  a  highly  useful  medium,  imparling  a  good 
degree  of  ti'ansparcncy  to  most  sjiecimens.  It  withdi'aws  a  part 
of  the  water  of  the  cell-sap,  and  in  the  case  of  thin-wallcd  cells 
this  is  followed  by  some  change  of  form.  The  remarkable  effecta 
produced  ui>ou  some  of  llic  contents  of  i*lls  by  the  action  of 
glycerin  nnd  similar  agents  will  lie  referred  I*)  under  Protoplasm. 

17.  One  miHlium  may  itv  replaced  by  anutlier  by  the  cai-efid 
use  of  bibulous  paper.  Good  tillering  pujicr  is  the  best  for  this 
purpose.  If  a  little  of  the  liquid  which  it  is  desii-cd  to  place 
under  tlio  (.-over-glass  bo  i>ut  ut  the  edge  of  tlie  cover,  and  tJie 
opjiosite  edge  be  then  touched  liglitly  with  the  paper,  tlie  liquid 
will  be  at  once  drawn  through.  By  successive  applications  of 
the  same  liquid,  tlie  specimen  can  be  thoroughly  washed  without 
removal  of  the  cover-glass. 

18.  KeAfiKXTS.  Four  reagents  are  iu  very  common  use  in 
nearly  all  histological  ciiaminntious ;  namely,  caustic  iwtash,  a 
solution  of  iodine,  an  acid,  and  a  staining  agent.  Even  iu  ordi- 
nary cases,  however,  it  is  desirable  to  have  a  somewhat  wider 
choice  tliaii   tliis,   and  therefore  the  following  brief  hints  are 
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given  as  lo  the  preparation  and  employment  of  some  of  (die 
ni08t  UH<»ful  reagents.  More  detailed  direetions  must  l)e  sought 
in  speeial  treatises  u|K)n  miero-chemistry.*  The  list  and  the 
gen(!ral  rnli*s  here  given  will  serve  for  most  investigations. 

11).  It  is  Ix'st  U)  try  lirst  a  vi^y  small  amount  of  the  reagent, 
and  carefully  nott?  itH  elli'ct  befc^ri;  adding  more.  If  it  is  neces- 
sar}'  to  increase  the  amount,  draw  a  little  through  l>y  means  of 
bibulous  paper,  as  previounly  directed.  Many  reagents  are  slow 
in  producing  their  edccts.  Hence  some  time  must  be  allowed  to 
elapse  before  <»ne  reagent  is  rcplacc'd  by  another,  and  it  is  well 
in  some  eases  to  ap[)ly  hlight  heat  to  accelerate  or  increase  the 
action  ;  but  this  nmst  be  very  cautiously  done. 

20.  If  one  reagent  is  to  be  followed  by  another,  attention 
must  be  given  to  the  effects  which  the  reag(»nts  have  upon  each 
other,  or  upon  the  m(;dium,  as  well  as  upon  the  specimen.  For 
instance,  small  dark  crystals  of  iodine  separate  from  an  alcoholic 
solution  when  this  is  brought  into  contact  with  water.  Removal 
of  the  cover-glass  is  advised  in  all  cases  where  one  reagent  is  to 
be  washed  out  lM»fore  the  api)lication  of  a  second,  or  where  one 
is  to  Ixi  immediately  followed  by  anotluT,  provided  the  specimen 
is  not  so  delicate  as  to  be  disturbed  by  it.  Some  parts  of  the 
specimen  are  apt  to  escape  action,  if  the  washing  or  the  intro- 
duction of  8(?veral  reagents  in  these  operations  is  conducted 
without  lifting  the  cover;  but  by  the  exercise  of  great  care 
both  these  operations  may  be  carried  on  successfully  by  the  use 
of  bibulous  pai)er  without  removing  the  cov(T-glass. 

21.  Owing  to  their  im[K)rtance,  jM>tash  and  irKline  are  de- 
scribed first  The  other  reagents  are  given  in  alphabetical 
order,  for  convenience  of  reference. 

22.  Potaehy  Potassic  hydrate^  Cannfic  poffmsn^  are  names 
interchangeably  given  to  white  solid  iM)tassa  and  to  its  solutions. 
This  substance  absorbs  carbonic  acid  so  eagerly  from  the  air, 
that  it  must  l>e  kept  in  glass-stop|>ered  bottles.  To  prevent  the 
stoppers  from  becoming  fastened  by  the  action  of  the  alkali  on 
the  glass,  it  is  well  to  smear  them  with  vaseline  or  paraflln. 

23.  Solutions  of  two  strengths  are  us(?d.  I.  Concentrated. 
Solid  ix)tassa  is  dissolved  in  the  smallest  amount  of  water  (not 
far  from  half  its  own  weight)  by  which  it  will  l>ecome  liquid. 
This  dense  syrupy  liquid  is  too  strong  for  ordinary  use.  II.  A 
common  solution  made  with  one  part  of  solid  |x>tassa  in  three, 

1  Consult  the  following :  Botanical  Mici-o-Chemistry,  by  Poulsen,  translated 
by  Trelease  (Cassino,  Boston),  1884.  Hilfsbnch  by  B«hrens  (Schwetschke, 
Braunschweig),  1884. 
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Ttre,  or  ten  parts  of  water,  depenrting  uitoh  the  particular  case 
m  whirii  it  is  to  be  used. 

24.  For  use  uB  .1  iiiiioeratiiig  ngeiit  in  separating  cells,  n  strong 
eoliilioD  is  prcfernMe,  ami  is  more  ellicient  wlioc  it  is  slij^htly 
wiiniietl.  For  dissolving  or  rciiilering  tiauspai-cnt  most  of  the 
contents  of  cells,  more  dilute  s<jlutionB  am  1>«ttcr.  Owing  to  the 
prompt  I'tTeL'l  produced  on  the  cell-wall,  and  iijion  the  contents 
of  cells,  espei-inlly  of  yunng  oites,  a  moderMt«l,v  strong  soUition 
of  potassa  is  the  most  usefnl  clearing  agent  thai  we  have.  After 
a  mass  of  tissue,  for  instance  an  embryo.  Las  t>ecn  acted  on  by 
a  solution  of  gMilnssa  until  it  Ims  become  trnnshioenl,  it  is  to  b« 
cautionsly  snlijccteil  Ut  the  action  of  an  nciil,  [H-efcrably  aeetio 
or  hydrochloric,  and  then  washed.  A  aec-ond  treatment,  or  even 
a  third.  ma,v  lie  necessary  to  make  the  olijt'ct  sufficiently  clear. 
Sometimes,  however,  the  [xilassa  renders  tliu  tissues  ttK>  nearly 
trunspareut,  in  which  case  they  may  be  slightly  clouded  liy  a 
little  ahim-waler.  'ITjis  pi'occsa  of  clearing  tissues  was  first 
used  by  Ilanstfin  in  the  cNaniination  of  the  tissues  at  [>oints  of 
growth,  and  it  is  of  very  wide  applicability. 

25.  Some  structures  are  darkened  at  first  by  the  use  of 
potassa,  but  cAiitious  treatment  arterwanis  with  a  dilute  acid 
and  a  second  application  of  |M»tassa  will  genenilly  pi-otluce  a 
go<Hl  degree  of  transparency. 

2(i.  I'otassa  is  a  solvent  for  many  of  the  snbstiuices  which 
iiRTUit  the  cell-wall,  but  in  most  cases  the  solutions  must  be 
U9e<I  warm;  in  a  few  instances  heated  even  to  lioiling.  The 
cell-wall,  washed  after  yuch  treatment,  will  give  the  i-ellulose 
niactioiiH  (see  H5).  Sul>erin  can  thus  be  removed  fVom  the 
cpll-walls  uf  cork,  forming  with  tht!  [lotassa  yellowish  dntjis. 

il.  As  the  aqueous  solution  of  potassa  causes  considerable 
swelling  of  the  celt-wall,  it  is  desirable  to  have  also  at  hand 
All  alcoholic  solution.  This  is  best  made  by  mixing  HH  [jer 
cent  alcohol  with  a  strong  aqueous  solution  of  |)ota»sa  until  a 
cloudiness  nppeara.  The  mixture  ia  then  lo  Iw  shaken  fre- 
quently, and,  atV'r  a  day  or  so.  the  clear  liquid  above  is  to  l>e 
carefully  |K)iireil  olf.  This  solution  may  be  diluted  with  alcohol 
if  necessary.' 

2K.  Solutions  of  caiislio  soda  can  replace  potKssa  in  most 
of  the  foregoing  reaclions.  The  «|)ecial  cases  in  which  these 
alkalies  are  emploj'ed  for  the  identification  of  certain  contents 
of  'jella  will  be  descril>ed  later. 
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29.  Iodine,  This  clement  is  onl}'  very  slightly  soluble  in 
pure  water.  Uix)n  exposure  to  strong  light,  however,  a  some- 
what larger  amount  of  iodine  passes  into  solution  after  a  while, 
owing  probabh'  to  formation  of  hydnodic  acid.  If  it  is  neces- 
sary to  examine  the  effect  of  io<Une  alone,  as  in  certain  parts  of 
Lichens,  a  fresh  solution  should  l>e  used.  In  fact,  it  is  recom- 
mended that  in  such  cases  a  minute  fragment  of  solid  iodine  be 
placed  in  pure  water  under  the  cover-glass  at  the  moment  of 
examination. 

30.  But  for  all  ordinary  examinations,  a  solution  of  iodine  in 
water  which  c*ontains  iodide  of  i)otiissium  is  used.  The  propor- 
tions employed  var}*  wideh*.  A  convenient  strength  is  obtained 
b}'  dissolving  one  gram  of  iodine  and  five  grams  of  potassic 
iodide  in  enough  water  to  make  one  hundred  cubic  centimeters. 
Even  this  solution  is  too  strong  for  some  pur|)oses.  In  a  few 
cases  a  different  solution  is  advised,  made  b}-  dissolving  five 
centigrams  of  iodine  and  twentj-  centigrams  of  |x)tassic  iodide  in 
fifteen  grams  of  water. ^  Hut,  in  general,  dilute  solutions  are 
preferable. 

t31.  A  solution  of  iodine  and  iodide  of  |>otassium  in  glyce- 
rin is  employed  by  some.  An  alcoholic  solution  is  sometimes 
useful. 

32.  IcKline  is  a  characteristic  test  for  starch,  to  which  it 
imparts  a  blue  color,  depending  for  its  depth  cliiefiy  uiwn  the 
strengtii  of  tiie  solution.  Iodine  in  absolute  alcoliol  gives  with 
drv  starcli  a  brownish  crolor ;  if  the  alcohol  is  not  absolute,  that 
is,  anhydrous,  a  blue  color  is  given  as  with  ordinary*  aqueous 
solutions. 

33.  In  most  cases  cellulose  is  colored  pale  yellow  to  deep 
brown  by  i(Kline.  If  the  specimen  is  actc»d  on  by  concentrated 
sulphuric  acid,  eitlier  just  Iwfore  or  just  after  the  application 
of  the  iodine,  a  blue  c^olor  apiK'ars.  This  reaction  for  cellulose 
is  disguised  by  various  incrusting  matters,  which  can  l)e  removed 
by  strong  acids  or  alkalies ;  after  their  removal  the  washed 
specimen  will  give  the  characteristic  cellulose  reaction  (see  also 
143). 

34.  Iodine  and  a  metallic  iodide  in  a  strong  solution  of  chlo- 
ride of  zinc  form  a  very  useful  reagent  for  cellulose,  to  which  a 
blue  color  is  given.  The  reagent  is  easily  made  by  dissolving 
pure  zinc  in  concentrated  hydi*ochloric  acid  until  there  is  no 
further  action  of  the  acid.     The  solution,  with  a  little  metallic 
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ziac  still  undissolved,  ia  to  be  crapomted  lo  a.  syvupy  conaiat- 
encc,  snliirnl<?<l  with  jiotaasii;  iotJiiU-.  nml  lastly  enough  pure 
i<y]uie  addetl  to  roiidcr  llio  wlioU:  a  tlot'p  rett  or  brown.  Cell- 
walls  tliiit  bai'o  intTU.sting  inuttera.  Tor  inslaiic'c,  I'oi'k-c-ella  and 
most  wood-cells,  ni-n  turntxl  }ellow  by  lliis  reagi'iit.  it  is  known 
as  SdinliL-'s  reagent.  Belu-ens  advises  Uie  preimration  of  modi- 
fications or  tliis  iin]KiTtant  rcngcnl,  all  depending  on  tlie  relative 
amount  of  imlinc  and  tlie  degree  of  dilution.  A  Utile  practice 
in  tbeir  use  will  snggest  tlie  coses  to  wliici)  each  is  spccUlly 
applicable.  Solutions  uf  iodine  color  protuplusm,  and  other 
albuminoid  bodies,  ydlow  to  deep  brown. 

35.  Owing  to  the  tendency  of  iodine  eolutiona  to  form  hydri- 
odie  neiit,  it  is  recnm  in  ended  by  many  authors  tlint  they  be  kept 
out  of  the  light ;  but  this  precaution  is  not  necessary  imiess  the 
investigation  calls  for  pure  iodine  nlooe;  in  such  a  case  it  ia 
belter  to  use  onlj'  freshly  prc[Kired  solutions. 

Tho  following  reagents  arc  arranged  in  alphalietical  order. 

36.  Acetic  add.  (Ihicial  acetic  acid  diluted  by  two  or  four 
parts  of  wat^-r.  or  the  ordinary  cooeentrated  acid  of  the  8ho]>s,  ia 
nsed  (1 )  to  neutralize  the  alkali  in  Hanst«iu'&  method  (see  ^4)  ; 
(£}  to  discriminate  l)etwceii  osnlates  and  cnrbonati-s,  the  latter 
dissolving  wiUi  cflbrvpscpnw  in  it.  tlic  fonncr  rcniiiining  nn- 
dianged  in  it,  but  dinHolving  (piielly  in  hydrochloric  acid  ;  (3)  in 
the  study  of  the  nucleus. 

37.  Alcohot.  Common  strong  alcohol,  or  the  so-called  "  95 
per  cent,"  is  widely  employed  fur  tho  presei-^-ation  of  mit-ro- 
Booplc  material.  In  it  soft  tissues  Iwcomc  Iiardcne<l.  Tliis  is  a 
groat  advantage  in  tlie  case  of  si>c<.'inicns  which  arc  too  yielding 
lo  he  cleanly  cut  when  ftTsh.  If  it  is  desirable  to  again  soften 
tissues  which  have  been  hanlcrcd  by  the  action  of  alcohol,  it  is 
merely  necessary  to  soak  them  for  a  sliort  time  in  waf^r,  when 
they  will  assume  nearly  the  lonsistence  tliev  had  when  fi-esh. 
This  reagent  i)roiIuce8  certain  marked  changes  in  the  contents  of 
vegetable  cells :  the  protoplasmic  mattei-s  Itecome  more  or  less 
ebrunken.  many  oils  and  fats  arc  dissolved,  ami  certain  snb- 
Btanc(!8  in  aulutiun  in  the  cell-sap  arc  separated  out  (see  183). 

38.  The  air  which  occura  in  intercellular  sjtaces  and  in  all 
dry  specimens  is  generally  removed  with  ease  by  the  action  of 
alcohol,  especially  if  a  little  heat  is  applied. 

89.  Alcohol  is  of  use  also  in  the  preparation  of  some  of  the 
staining  agents. 

40.  AlisoluU;  alcohol  (tontuins  only  the  merest  trace  of  water. 
Hence  it  must  be  used  instead  of  oittinaiy  alcohol  whenever  tbu 
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specimen  is  afTected  b}'  water,  as  is  the  ease  with  mucilagi- 
nous tissues,  crystalloids,  otc\  As  a  reagent  for  use  under  the 
cover-glass  it  is  more  satisfnctoi-y  than  common  alcolioi,  bjjt 
in  keeping  it  the  greatest  care  must  be  exercised  to  exclude 
moisture. 

41.  Alum,  Either  potiish-  or  ammonia-ahim  may  be  used  to 
diminish  the  transparency  of  cells  whicli  have  been  acted  on  by 
|X)tassa  (see  24).  Alum  is  a  mordant  in  some  of  the  processes 
for  staining  (see  98). 

42.  Ammonia,  Aqueous  ammonia  ma}'  replace  the  fixed 
alkalies,  potassa  and  soda,  but  possesses  no  advantage  over 
them  except  in  its  somewhat  slower  and  less  violent  action. 
For  its  use  in  the  examination  of  albuminoids,  see  125.  Its 
principal  use  in  raicroscop}'  is  in  the  i)reparation  of  certain 
staining  agents  (see  77)  and  cuprammonia. 

43.  Anilin  chloride.  Dissolvetl  in  alcohol,  this  reagent  im- 
paits  a  pale  yellow  color  to  ligniOed  cell-walls.  Uix)n  addition 
of  hydrochloric  acid,  the  color  is  much  deepened.  This  is  llohners 
test  for  lignin. 

44.  Anilin  sulphate.  This  substance  in  aqueous  or  alcoholic 
solution  gives  to  lignified  cell-walls  a  pale  yellow  color,  which  is 
much  deeper  when  the  reagent  is  followed  by  sulphuric  acid,  — 
Wiesner's  test  for  lignin. 

45.  ArfjcJttic  nitrate^  or  nitrate  of  silver,  in  extremely  dilute 
alkaline  solution  frcshlv  made,  has  l)een  recommended  for  dis- 
criminating  between  living  and  dead  i)rotoplasm,  the  former 
turning  dark,  the  latter  remaining  unchanged  (see  details  in 
Part  II.). 

46.  Asparagin,     A   concentrated   solution   of  asparagin   is 
suggested   by  Borodin  for  the  re(K)gnition  of  asparagin   itself 
when  its  crystals  have  been  formed  in  tissues  blanched  by  dark 
ness. 

47.  Auric  chloride,,  long  used  for  staining  prei)arations  in 
animal  histology,  has  been  somewhat  employed  for  coloring  the 
cells  of  certain  lower  plants,  and  in  the  same  manner  as  argentic 
nitrate,  for  detecting  the  condition  of  protoplasm. 

48.  lienzol  is  a  i>owerful  solvent  for  various  vegetable  fats 
and  resins.  It  is  also  used  for  the  preparation  of  l>enzol-balsam 
(see  112),  and  in  dissolving  paraflln  (see  8). 

49.  C(dcic  chloride,  Treub  em|)loys  this  for  clearing  tis- 
sues. The  fresh  section,  after  having  been  moistened  by  a 
little  water,  is  covered  with  dry  powdered  chloride,  wanned 
until  it  is  about  dry,  and  afUTwards  placed   in  a  little  water. 
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Frooi  this  it  is  to  be  transferred  to  glycerin,  where  it  soon 
j>ecome8  dear.' 

60.  Ciilcii:  kypocfiiorite  in  Aqueous  solntion  bleaches  many 
tissues  without  tlie  use  oT  an  acid,  but,  in  geuerul,  specimens 
which  have  been  subjected  to  its  nitioii  ai'e  more  tlioroughly  <ie- 
wilorized  if  they  are  subsequently  placed  in  dihite  hydrochloric 
acid,  waslied  in  pure  water,  and  Unally  transferred  to  glycerin, 
{'reparations  whicli  have  heen  bleached  by  this  method  ai-e  easily 
colored  by  soiiio  of  the  staining  agents  described  on  page  \b. 
Sodic  hypochlortlu  may  replace  it  in  all  cases. 

51.  C'lrboii  disulphiile  is  used  as  a  solvent  fur  fats. 

52.  Carh'ilic  ticitl,  or  phenol,  dissolved  in  the  least  quantity 
of  conuenlrated  hydrochloric  acid  wliIcU  will  take  it  up,  gives 
ft  green  color  with  ligiiifleil  cells.  It  is  lictter  to  add  to  a  few 
drops  of  tliu  strongest  bydi'ocblorio  acid  a  small  quantity  of 
crysUlliKed  phenol,  warm  the  mixture  slightly,  and  upon  its 
cooling  add  enough  acid  to  remove  any  cloudiueas. 

53.  CMnr-il  hj/drute  in  aqueous  solution  is  recommended  by 
Arthur  Mejer-  as  a  clearing  agent.  Two  parts  ol'  water  are 
added  to  live  parts  of  chloral,  and  used  somewhat  above  the 
temperature  of  l.'i"  C. 

fii,  Ohrojinc  atii/.  The  pure  atiid.  in  strong  solution,  acta 
promptly  on  ceL-walls,  dissolving  nil  except  those  which  are 
eilicified  and  those  which  tire  eutintzed.  Even  the  latter  yield 
to  prolonged  action.  If  tliu  soUition  is  moi-e  ditntn,  the  action 
goes  ou  only  eo  far  as  tu  cause  swelling  of  the  cell-wall,  bring- 
ing out,  in  special  <'ases,  a  very  distinct  stratill cation.  Solutions 
which  are  so  dilute  as  to  be  merely  pale  yellow  cause  hardening 
of  soft  tissues,  and  this  acid  therefore  forms  an  exeellont  adju- 
vant to  alcohol  for  this  purpose  (see  Part  II.). 

,^5.  Cuprammofiia.  To  a  siilution  of  cuprio  sulphate  add 
enough  soda  (or  potassa)  to  protluce  a  precipitate.  After 
removal  of  llie  exix'ss  of  liquid  by  filtration,  place  the  precipitate 
in  a  flaftk.  wash  once  wilh  water  which  has  been  fi'ecd  fVom  air  by 
btiilingT  and  then  ilLssnlve  the  mass  in  the  least  quantity  of  con- 
centrated ammonia  which  will  take  it  up.  The  freshly  prepared 
Bcjiutjuii  should  act  promptly  on  delicate  fibres  of  cellulose, 
c»tton  fur  example,  causing  them  to  swell  and  apparently  pass 
into  solution.      Lignilied  and  cutiiiized  cell-walls  are  not  aeled 


'  Flahault:  Accrinsiwnient  t^iininBl  de  la  recine.     Aou.  Jea  Sc.  uat.,  137.1. 
Ti.   p,  24. 
1  Du  ChbniphyllkociL.  Leii»ig,  1B33. 
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upon  until  the  foreign  matter  has  been  remoyed  by  the  agents 
previously  siwkon  of  (see  26). 

Tliis  reagent,  known  as  Sehweizer's,*  possesses  its  chief  in- 
terest from  the  fact  that  it  is  the  onl}'  liquid  known  in  which 
cellulose  appears  to  dissolve  without  essential  change  of  compo- 
sition. It  has  a  limited  application  in  the  discrimination  of 
fibres  used  in  the  arts. 

56.  Cupric  acetate  in  aqueous  solution  is  used  as  a  preparatory' 
liquid  for  the  examination  of  resins.  The  part  to  be  examined 
is  kept  in  a  concentrated  solution  for  some  da3S,  and  sections 
are  then  made  from  it.  If  certain  resins  are  present,  they  will 
appear  of  a  green  color.  The  above  is  Franchimoiit's  test  based 
on  a  reaction  discovered  bv  Unverdorl>en.* 

57.  Cvpric  sulphate  in  saturated  aqueous  solution  is  used 
for  the  detection  of  certain  carbohydrates  (see  184)  and  albumi- 
noidal  matters  (see  124).  Commercial  blue  vitriol,  rccr}stallized 
two  or  three  times,  will  answer  for  all  ordinar}'  cases. 

58.  Ether  is  used  as  a  solvent  for  fats,  etc. 

50.  Ferric  cfdoridz  in  aqueous  solution  was  formerly  recom- 
mended OS  a  test  for  the  Umnins;'  the  tannin  of  oak-bark  be- 
coming bluish-black  ;  that  in  the  leaves  of  the  sumach,  greenish- 
black.  But  the  distinctions  ai-e  not  c»onstant.  Ferric  acetate 
and  sulphate  are  now  more  generally  used  than  the  chloride  as 
a  test,  and  arc  better. 

60.  Glifcerin,  Only  the  purest  glycerin  should  ever  l>e  em- 
ployed in  microscopic  examinations.  The  f<»llowing  are  among 
the  most  imf>ortant  of  its  many  applications:  1.  In  clearing 
specimens.  It  is  used  not  only  as  an  adjuvant  in  the  Ilanstein 
and  other  methods  of  clearing,  but,  in  man}*  cases,  it  senes  well 
without  an}'  other  reagent.  2.  To  cause  withdrawal  of  water 
from  fresh  cells,  the  degree  of  effect  depending  on  the  strength 
of  the  ghcerin.  3.  In  the  examination  of  pmtein  granules 
(see  175).  4.  As  a  test  for  inulin ;  tliis  substance  sepamtos 
sooner  or  later  in  the  form  of  sphjerocrystals.  5.  As  a  solvent 
for  iodine  (see  31). 

61.  Hydrochloric  acid.  Pure  concentrated  acid  is  one  of  the 
west  satisfactory  agents  for  the  maceration  of  woody  tissues. 
When  dilute,  it  seiTcs  for  the  discrimination  Ix^tween  carbonates 
and  oxalates,  the  former  dissolving  with  effervescence,  the  latter 


*  Schweizer:  Vierteljahrsschrift  natur.  Ge«.,  Zunoh,  1857. 
2  Bohrens:  Hilfsbiich,  |».  377. 

*  Wntts'h  edition  of  Fownes's  Chem.,  p.  672. 
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irtthoat.      It  must  be  remcmlieretl   tbut  acotk-  acid  diaBOlves 
carlwnatea,  but  not  oxalates  (see  36). 

Tlila  fuM  has  l>feii  uawl  bj-  PriTigsht'im '  in  Ihn  Btuily  of 
rhiuropbj-ll  gniins;  fresh  tiectioiiH  of  tbstUTS  c-uiitainiug  diloro- 
j»hyll  being  pspuscd  lo  the  action  of  tlic  ac-i<l  Sov  some  hours. 
From  the  grains,  mitinte  spheres  of  a  brownish  color  bci'omB 
nearly  detached,  and  these  aTlerwards  appear  as  cUisters  of 
aeicular  crj'stala  (see  Part  II.).  Hydrochloric  acid  is  also  of 
nse  in  the  examination  of  soine  protein  matter  (see  124). 

62.  Indol  (Niggl's  lest'  for  lignin)  is  used  in  un  aqiteoua  so- 
lution. The  specimen,  subjected  to  tlie  action  of  the  solution  for 
n  few  minutes.  Is  trausferred  to  sulphuric  acid  of  spccilio  graWly 
1,1!  (made  bv  adding  one  part  of  concent  rated  acid  lo  four  parts 
of  water).     I.igiiilled  structures  become  red. 

63.  Mercuric  cfUoride,  or  corrosive  sublimate,  dissolved  in 
filly  parts  of  absolute  alcohol  renders  pi'otciii  grains  insoluble 
in  water.  PfetTer"  recommends  that  Llic  s|K'ciineii  should  remain 
in  this  reagent  at  least  twelve  ttoui-s.  Dijiiie!'  uses  a  dilute 
aqueous  solution  (1  in  300)  to  render  visihlc  the  currents  in  the 
most  delicate  threads  of  protoplasm  (and  fur  the  demonstration 
of  the  nucleus  without  afTccting  the  other  contents  of  the  cell). 

64.  Hfillon'i  reagent,  commonly  calle<l  acid  nitrate  of  mercury, 
18  best  prepared,  according  to  its  discowrer,  by  |K)uring  upon 
pure  mercury  its  own  weigl.t  of  concentrated  nitric  aeid.  For 
a  short  time  tlic  action  is  vioh-nt;  when  it  subsides  a  little, 
gently  warm  the  liquid  until  the  metal  Is  completely  dissolved. 
The  solution  is  immediat«'ly  diluted  by  twice  iLs  volume  of  pure 
water.  After  a  few  hours  the  liquid  is  to  Ijo  deeanh'd  fiwm  the 
crystalline  mass  which  has  formed,  and  it  is  then  R'ady  fur  use.* 

This  reagent  is  more  offleient  wlien  freshly  made. 

Albuminoid  substances  are  colored  red  by  this  rvagent  even 
in  the  wild,  but  much  more  readily  upon  the  ap|dication  of  heat- 
Acconlirtg  to  Millon,  the  reaction  is  duo  to  the  presence  in  the 
ticinid  of  liuth  mercuric  nitrat*  and  nitrite. 

This  ivagcnl  has  licen  employed  for  the  <1  c  mo  n  strati  on  of  the 
etraUllcatiou  and  spiral  striation  of  certain  cell-walls. 

65.  yilrie  aciil  gives  lo  protein  matters  a  yellow  color, 
which  ia  intensified  upon  the  subsequent  use  of  ammonia.     The 


'  Prinpheim's  Jahrbiithpr, 

*  Flora,  1881.  1..  S43.  et  k, 

*  Prin(piheiin*«  JfthrhHrhor, 

*  Dippsl;  Dm  Mikroslcoi<,  i 

*  Quaint  frem  Behreni:  Hi 


i.  p.  294,  et  teq. 


14  INTRODUCTION. 

same  treatment,  especially  if  the  slide  is  slightly  warmed,  colors 
the  so-callod  intereollnlar  substance  yellow.  The  acid  is  also 
used  as  a  test  for  suberin  (see  158). 

1)6.  Osiiiic  acid  (perosmic  acid)  is  very  volatile,  and  there- 
fore is  best  presened  in  sealed  glass  tubes  until  wimted  for  use, 
when  the  tube  can  be  broken  under  water.  Even  from  the  aque- 
ous solution  the  irriUiting  acid  escapes  in  small  amount,  render- 
ing it  a  disagreeable  reagent  to  work  with.  The  solutions  are 
usually  of  one  per  cent  strength. 

Oils  are  colored  brown  by  the  reduction  of  the  acid  to  me- 
tallic osmium  on  the  surface  of  the  drops.  Living  protoplasm 
is  killed  at  once  bv  even  dilute  solutions  of  this  acid,  and  there 
is  usually  more  or  less  discoloration  of  the  different  parts. 
Hence  it  is  a  useful  agent  for  arresting  the  processes  of  cell- 
division  and  growth  at  any  desired  stage.  Advantage  is  some- 
times gained,  according  to  Poulsen,^  by  the  combination  with  it 
of  chromic  acid. 

67.  Phenol  (see  carbolic  acid,  52). 

68.  Phlomglucin^  used  by  AViesner  as  a  test  for  lignin.* 
The  specimen  is  first  acted  on  by  hydrochloric  acid,  and  then 
moistened  by  a  solution  of  phloroglucin  in  water  or  alcohol.  If 
the  cell-walls  are  lignified,  they  will  at  once  assume  a  red  color. 
Hohnel'  suggests  the  employment  of  a  strong  decoction  of  cherry 
wood  instead  of  the  phloroglucin.  Used  in  the  same  way,  it  im- 
parts a  violet  color  to  lignified  cells.  This  test  is  hardly  so 
satisfactory  as  the  other. 

69.  Potassic  bichromate  in  aqueous  solution  is  used  to  harden 
tissues,  and  is  al)out  as  good  as  chromic  acid.  It  has  been  also 
employed  by  Sani(»*  for  the  detection  of  tannin. 

70.  Potassic  chlorate^  used  with  nitric  acid,  is  the  most  con- 
venient macerating  agent.  If  a  few  small  crystals  of  this  salt 
are  added  to  a  little  concentrated  nitiic  acid  in  a  test-tube  con- 
taining a  fragment  of  wood,  and  (he  liquid  is  carefully  warmed, 
violent  action  begins  somewhat  below  the  point  of  boiling,  and 
the  wood  is  speedily  disintegrated.  By  selecting  acid  of  the 
right  strength,  and  b}*  careful  regulation  of  the  heat  applied,  the 
action  of  the  liquid  can  be  kept  well  under  control,  so  that 
almost  any  degree  of  action  can  be  obtained.  It  is  not  safe  to 
use  this  reagent  in  the  room  where  delicate  apparatus  is  kept, 

*  Mikrocbeniie,  p.  19. 

2  Sitzungsber.  Akad.  Wien,  1878,  p.  60. 
»  lb.  1877,  p.  685, 

*  Bot.  Zeitnng,  1868,  p.  17. 
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Muce  the  gases  evolved  act  upon  metals.  Tliis  ia  .Schiilze'a 
tDStwrating  process. 

71,  Potasnic  nitriUe,'  used  in  the  esftiiiinalion  of  pmto- 
ljlft8iii(s.-c>PartlI.). 

7i.  RoaoHc  acid,  or  coroUin,  dissolved  in  (rat^T  containing  a 
trace  of  sodio  carlwaate,  forms  a  purple  fluid  which  colore  vege- 
table mucus  rod.  It  is  used  iilao  lu  ilemonslraU;  tbe  structure  of 
cri  h  roBe-ti  ssue.* 

73.  Sch<oeizer^»  mar/ent  (see  cupi-nminonia). 

74.  Sodic  chlwide  (common  salt),  usi'd  in  aqueous  soliilion 
in  tlie  examination  of  protoplasm  (see  120). 

75.  Huffitr.  Cane  BUgar  ilissolved  in  water  to  form  a  thick 
synip  is  allowed  to  net  for  some  time  on  tissues  conlaiuiug  pro- 
toplasm: a  drop  of  con  cent  rated  Biilphnrie  aeid  is  then  placed 
on  tlie  olijeet.  when  the  protoplasm  will  take  on  a  faint  rosi^red 
color.     The  reaction  is  un«-ruin. 

76.  Sulj'Auriij  aeitl.  Pure  eoiicentrated  aeid  is  used  as  an 
nfljUTant  in  many  tests,  e.  g.,  with  iodine  solutions  iu  the  identi- 
tivation  of  cellulose,  hut  it  is  also  of  great  use  liy  itself  in  break- 
ing down  cellulose.  By  it.  a  cellulose  wall  can  be  destroyed 
without  dcstnictiuii  of  llie  protoplasni  within  (sec  141). 

77.  Staining  ngenta.  A  few  of  the  chemicals  in  the  foregoing 
list  impart  lo  certain  tissues,  and  certain  eoutents  of  cells,  colors 
which  bavc  n  goofl  degree  of  i>ermuupuce  wlipu  the  sjiecimens 
are  preserved  in  a  suitable  medium.  Hut  the  colors  produced 
bj-  must  reagents  are  fugitive,  and  serve  only  a  teuijjorary  pur- 
pose. When,  therefore,  it  is  desirable  to  stain  or  tinge  a  given 
part  of  a  s|)eeinien  permancully,  recourse  must  be  had  to  dyes 
whieb  do  not  readily  fmle. 

78.  Some  of  tliese  Itave  been  long  in  use  in  Vegetable  His- 
tolog;)-  for  the  pnrixiae  of  prepaiing  attractive  specimens  fur  the 
demonstration  of  tissues,  but  it  Is  only  within  a  recent  ix-rioil  that 
they  have  been  snceesafidly  employed  in  the  study  of  eell-ilivi- 
»ion.  In  the  e.\amiualion  of  the  changes  which  take  place  in 
the  intc-rior  of  cells  during  division,  tliey  are  indispensable  :  in 
the  examination  of  the  tissues  themselves,  their  use  is  far  from 
satisfactory.  As  will  lie  specially  shown  later,  tlie  chemical 
ditferenM-s  between  the  cell-walls  of  certain  tissues  which  it  is 
desirable  to  distinguish  from  each  other  under  the  microsuopr 
are  not  ver>'  great,  and  they  often  behave  alike  as  resiwcts 


1  Treiib:  Satnrk.  Verli.  d.  koning 
■  Bfhrens:  Hilfsbach,  p.  313. 
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staining  agents.  Hence  it  is  impossible  to  lay  down  niles 
which  will  ai)i)ly  to  all  cases  in  which  tissues  are  to  \ye  stained : 
the  staining  of  the  nucleus,  however,  can  be  readily  secured  by 
following  the  explicit  directions  given  in  the  chapter  on  **  Cell- 
growth." 

79.  Of  the  whole  class  of  staining  agents,  it  may  l>e  said  that 
exi)osure  to  strong  light  diminishes  the  brilliancy  of  the  coloring 
they  produce  in  the  specimen,  and  in  many  cases  completely 
destroys  it  In  general,  the  staining  obtained  by  allowing  the 
8i>eeimen  to  remain  for  a  long  time  in  a  dilute  solution  of  a 
dye  is  more  satisfactory  than  when  a  stronger  dye  is  used  with 
haste. 

80.  Cakmis.  Two  grades  are  readily  procurable  in  this  coun- 
try;  namely,  (1)  '*  No.  40,"  (2)  '^  Orient."  The  former  is  the 
cheajKM*,  and  will  answer  for  all  cases  described  in  this  treatise ; 
but  attention  must  be  calle<l  to  the  fact  that  it  is  sometimes 
adulterate<l,  and  hence  it  mav  Ik»  fotmd  necessarv  to  chancre  the 
proi)ortions  given  in  the  following  formulas.  A  good  carmin, 
even  of  the  grade  first  mentioned,  should  leave  only  little  residue 
when  placed  in  strong  ammonia.  If  more  than  a  trace  of  resi- 
due is  found,  the  amount  of  carmin  in  the  formula  must  1)e 
pro|>ortionately  increased. 

81.  Ammonia'Curmia,  Pure  ix)wdered  carmin  is  rubbed 
up  with  a  little  water  to  fonn  a  thin  paste,  enough  strong  am- 
monia to  dissolve  it  is  cautiouslv  adde<l,  and  the  whole  is  then 
filtered.  The  filtrate  is  to  l>e  evaporated  slowly  over  a  water- 
bath.  The  dried  mass  dissolves  readily  in  water,  forming  a 
clear  liijuid  which  keeps  well ;  but  it  is  better  to  preserve  the 
mass  in  a  tightly-stoppered  bottle,  dissolving  it  only  as  required 
(llarlig's  carmin).' 

82.  A  modification  of  this  carmin  is  made  as  follows :  .2  to 
.4  gram  of  carmin  is  shaken  up  with  30  c.e.  of  water,  and  a 
few  drops  of  ammonia  added.  A  part  of  the  carmin  dissolves, 
and  is  to  be  filtered.  If  the  filtrate  smells  strongly  of  ammo- 
nia, it  is  allowed  to  stand  for  half  a  day  under  a  l>ell-jar.  A 
drop  of  ammonia  will  re-dissolve  any  slight  trace  of  carmin 
whi(!h  may  separate.  This  fiuid  is  to  be  added  to  water,  drop 
by  drop,  until  the  right  color  is  obtained  (Gerlach's  ammonia- 
carmin).* 

83.  If,  to  the  filtrate  last  mentioned,  30  grams  of  glycerin 


1  Dippel :  Das  Mikroskop,  i.  p.  284. 

2  Ik'hrens:  Hilfsl)uch,  p.  257. 


ISTRODUCTIOS. 


17 


tind  10  (Trams  or  strong  alcohol  nrc  mided,  a  liquid  is  ol^taitieil 
wbirti  Is  knowD  lis  Frer'a  glywrin-parmin. 

M.  Btute'i  cumiin  is  nearly  llic  sume.  Ten  gi"Hins  orcnrmin 
are  placed  in  a  trsHuIie,  ninl  hnlf  n  dradira  of  stmug  ammonia 
addul ;  iJie  Diixtnre  is  fllmken.  and  genlly  hcaU'd  over  a  spiiil- 
Iniiip.  Till-  solution  is  to  Ih;  1>oiIed  fur  it  few  seconds  and  then 
allowed  to  cool-  In  an  hour  two  otmces  of  glvwrin  and  two 
ouflL-ra  of  water  are  to  be  added,  together  with  half  an  ounce  of 
nieohol ;  Dm  lifjntd  is  tlion  Hltered.* 

8.>.  T/iicrecKK  borax-cannui."  2  grams  of  boras  nre  dis- 
solved i[i  28  c.  e.  of  distilled  water,  and  .3  gram  of  carmin 
add<.-<l.  The  solution  is  next  mixed  witb  60  c.  c.  of  absolute 
niTOhol,  and  Sltcred. 

8G.  Thlergclin  oxaiie-acid  carmiii.'  1  gram  of  carmin  is 
iliwulvc-d  in  1  c.  c.  of  amaionia  and  3  c.c.  of  wat«r.  Another 
sohition  is  prepared  by  dissolving  H  grams  of  L-rjstallizcd  oxaliu 
avid  in  lift  c.c.  of  water.  The  two  solutions  arc  tlicu  mistil, 
16  0.0,  of  alisoUite  alcohol  added,  and  tbe  whole  filteri'ii.  This 
liquid  is  violet  wimn  ammonia  is  in  vxuess ;  orange,  if  loo  much 
oxalic  add  is  prestml. 

87.  Grenac/ier'4  alimi-carniin.'  Cai-miu  is  diasolved  in  a 
solution  of  potash-alum  or  aDiuiiinia'alum  until  the  required 
color  is  obtaine<L  This  lias  Iwcn  nioilifled  by  TangI  oh  follows  : 
To  a  saturated  solution  of  alnni.  enougli  cai-min  ia  added  to  give 
n  deep  color  (1  grm.  in  lUO  c.c.  of  solution),  Iliu  wliole  boiled 
for  ten  minutes,  and  filtei'ed  upon  cooling. 

88.  Waot/teanrg  cannin,  "  Pulverized  carmin  TJ  grains, 
wator  of  ammonia  iO  drops,  alwobite  alcohol  half  an  ounce, 
givcerin  1  ounce,  distilled  water  I  ounce.  Put  the  pulverized 
carmin  in  a  lest'tubc  and  aild  llic  ammonia.  Uoil  slowly  for  a 
few  seconds,  and  set  aside  uncorked  for  a  day,  t«i  get  rid  of  the 
excess  of  ammonia.  Add  the  mixed  water  and  glyix'riii,  and 
next  tbe  alcuboi,  and  filter." 

H'J.  Caritii'i  teith  picric  iicid.  Tliis  agent,  known  ns  Ran- 
Tiers  picrocarmin,  is  made  Tiy  cautiously  adding  to  a  coneenlrated 
sototion  of  pivric  acid  enough  ummonia-oarmin  solution  (SI) 
to  aaturute  it,  and  then  evaporating  Lo  one-filth  the  volume. 

)  Beale:  Uow  lo  Woik  willi  Ilie  MLcnmrapr,  [i.  12/i. 

*  Bflitrnx:  HilraliuHi,  p.  3&S. 

*  IMirenniUilbtjudi,  [>-  257.  In  Dipi)el(Diia  Mikrobkup),  |i.  285,  the  pin- 
ponioas  are  somvwIiHt  itiOcreiit. 

*  Arrliir.  Dir  Hikrusk>  Anat.,  1879,  p.  465.  Toitgl,  in  Priagsh.  Jahrb., 
B<L  xiL.  IBSO.  p.  Xia. 
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Upon  cooling,  a  slight  sediment  is  deix)sited.  After  filtration 
frora  this  sediment  the  liquid  is  evaporated  to  dryness,  and 
afterwards  dissolved  in  water  in  the  proportion  of  1  :  100. 

Another  formula  is:  1  gram  of  cannin  and  4  c.c.  of  concen- 
trated ammonia  are  mixed  with  200  c.c.  of  water,  and  5  grams 
of  picric  acid  then  added.  After  nearly  complete  solution  the 
clear  liquid  is  poured  o(f,  and  exposed  to  the  air  for  some  weeks. 
The  red  powder  left  after  this  slow  evaporation  is  to  Imj  dis- 
solved when  required  in  water  in  the  proportion  of  2:100,  and 
the  solution  Altered  through  two  thicknesses  of  lilter-paper. 

Cochineal,  the  substance  from  which  carmin  is  i)repared,  may 
be  used  in  aqueous  extract,  or  with  alum.  The  formula  for  the 
preparation  with  alum  is  given  as  follows :  Rub  to  a  fine  |X)wder 
one  gram  of  cochineal  with  one  gram  of  burnt  alum  ;  mix  with 
100  c.c.  of  watiM*,  anil  boil  down  to  00  c. c.  When  cold,  filter  the 
solution  several  times,  and  add  a  few  drops  of  carlK)lic  acid. 

90.  Hcematoxylhi  (a  dye  obtained  from  logwood)  is  used  dis- 
solved in  alcohol,  or  alum- water,  according  to  circumstances. 

Frey  gives  the  formula:  1  gram  of  Inematoxylin  is  dissolved 
in  absolute  alcohol.  This  solution  is  added,  drop  by  drop,  to  a 
three  per  cent  aqueous  solution  of  alum,  until  it  becomes  deep 
violet  in  color.  After  exposure  to  the  air  for  a  few  days,  it  is 
to  be  filtered,  and  is  then  ready  for  use ;  but  a  fresh  filtration 
will  be  found  necessary  after  a  time.  Poulsen  advises  that  a 
few  drops  of  a  ten  per  cent  solution  of  alum  l)e  added  to  an 
aqueous  solution  of  hiematoxylin  (.3.')  gram  in  10  c.c.  water). 

Aqueous  extracts  of  several  other  d3'e-woods  can  replace 
haematoxylin  in  some  cases,  but  they  have  no  advantage  over  it. 

91.  Picric  acid  (^trinitroi)henic  acid)  in  aqueous  solution  is 
valuable  for  staining  and  hardening  protoplasm.  It  may  be 
used  alone,  combined  with  carmin  (see  89),  or  with  nigrosin. 

92.  Alkanet-root  (alkanna)  in  alcoholic  solution  tinges  resin- 
ous globules  and  serves  to  prepare  for  cutting  specimens  which 
contain  them.     The  method  of  use  is  described  under  '^  Resins." 

93.  The  coal-tar  colors.  Under  this  name  are  comprised  the 
anilin  derivatives  and  a  few  others  of  a  slightly  diflferent  origin. 
The  following  table  will  indicate  to  some  extent  the  changes  of 
color  which  ma}'  be  expected  when  these  dyes  are  used  with 
tissues  which  have  a  marked  acid  or  alkaline  reaction.  But  it 
should  be  observed  that  the  names  of  several  of  the  dyes  are 
looseh'  applied,  and  that  the  dyes  nia<le  by  difllcrent  manufac- 
turers are  not  always  of  the  same  character  or  strength.  All  of 
the  d^'es  mentioned  below  are  soluble  in  water  and  alcohol. 
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Name. 

£flfectordi1nt«nC1. 

Effect  of  dilute  Ammonia. 

lied  (lyes. 

Slaeenta. 

SafVaoin. 

IU1  anilin. 
Arid  nso-rubia. 
Ennin. 
l*(»uc«aii. 

(^olor  fades  to  brown  or  liglit 

purple. 
Color  changes  to  purpir,  nnd 
a  brown  prwipitatf  o<curj». 
•    Deep  orangi'-hro'.vii  color, 
i^light  cbanixe  of  tint. 
Oninge  precipitate. 
No  change  of  color 

Yellow  ami  Orange  dyts. 

Fiides  completi*ly. 

Little  change. 

Reddish  precipitate. 
Little  change. 
No  uiarked  change. 
No  changf. 

Polkl  vellow. 
Orangtt  ••II." 
tiolU  onujc*. 

Purple  precipitate. 
Unchanged. 
Little  c^uige. 

Little  change. 

Unchan};od. 

Color  deepens  to  red. 

% 

Oreen  ilyr.s. 

Meth}  I-green. 

Brilliant  green. 
Kmerald  graea. 

The  bluish  tint  becomes  deep 

green. 
Fndcs  Komewhat. 
Fades  out. 

nine  and  Violet  dyes. 

Fades  out 

WhiMdh  precipitate. 
Wbitish  precipitate. 

Cotton-Wiw  ••  B  »' 
Methyl-riolet  *  BBBBBB.*' 
Nlgrodn. 

Unchnng  d. 
(Irefoi-*!!  precipitate. 
Little  change. 

Fades  somewhat. 
Purpit*  pni-ipitate. 
little  change. 

94.  A  solution  of  any  of  the  above  dyes  consisting  of  one 
gram  with  enongii  wator  to  make  one  hundred  cubic  centimeters, 
although  too  strong  for  most  cases,  is  very  convenient,  since  it 
can  easily  be  diluted  at  will.  From  even  very  dilute  solutions 
parts  of  a  8i)ecinien,  for  instance,  a  cross-section  of  a  stem,  will 
take  up  some  of  Ihe  color  with  more  or  less  change.  If  the 
staining  is  too  deei),  a  part  of  the  color  can  be  removed  b}* 
careful  washing  in  alcohol,  or  in  a  very  dilute  acid  or  alkali 
(see  al)ove  table  for  each  case). 

95.  Douhh-staivhu/.  It  is  sometimes  possible  to  color  dif- 
ferent parts  of  a  specimen  with  more  than  one  ([yii ;  for  instance, 
staining  the  fibres  of  the  bark  green,  and  the  wood  of  the  same 
si)ccimen  red.  The  best  results  are  obtained  by  the  use  of  an 
alcoholic  solution  of  one  of  the  dyes  and  an  aqueous  solution  of 
the  other.  The  following  method  proiH)sed  by  Rothrock'  gives 
excellent  results.  The  dyes  are  Wc^otlward's  carmin  (see  88) 
and  anilin  green  (or  '•  iodine  green").  The  specimen  (whether 
bleached  by  sodic  hypochlorite  or  left  unbleached)  is  first 
tlioroughly  saturated  by  alct)hol,  which  hardens  it,  and  causes 
contraction  of  the  contents ;  it  is  then  kept  for  a  day  in  a  dilute 
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/1»rfrtf/f^^  f^fiiiiiUtu  ttf  nuWlh  ((HMrii.  In  a  row  of  watch-crystals 
Mr  r»M/.+»Mi/  l)/|Ml'l«  mv.  ii\tn*iTii:  (\)  water,  (2)  Woodward's 
.  f.rrHff,  /•»  >  'n  i9\r4»Un\f  (Vtf  ti\mi\\\U*.  alcohol,  (7)  oil  of  cloves. 
\  h.  ,n^  htti  M.  h»li*^M  Unui  l\w  ji;rw*n,  Ih  dipped  for  a  moment  in 
vt't  f  M.'  rr  ^'f  Jit^'/Mi  M  iiiiiiuU!  hi  the  cnrmin,  then  successively 
Mfi  Mf,/ir  Mr/.  irl/://hoU,  hi  <'tt<'h  of  which  it  rcmains  ten  to  twenty 
frirrntf' -{  h^f.t^fl.  jff  Mm^  flfHt,  whcrc  It  rcmains  onlv  long  enough 
iii  hrr.'^  M»^  o^JUi:'!  rurttiUi  waMhcnl  away.  From  tlic  last  alcohol 
It  i^Nt  -i  hth*  ffii  tit  t'\itvi*ti  (ttr  benzol),  where  it  should  remain 
luh,^  hhfffti(U  l^t  ^Huumut  ^lerfectly  transparent.     It  is  then  to  be 

fh  (^/Mbli;-i»tttjiiiiig  cnu  also  be  effected  b}-  the  successive  use 
f/9  Uf*'thi4hi:^!^Uh  uimI  uii  auilin  color.  Uy  the  use  of  two  or  more 
HhtUh  'l;-^»  tUtfi*ri'nl  parts  of  a  spei:imen  may  bo  colored  differ- 
f-^^H,'  '  htti  u»  a  niU*  all  these  etfects  are  uncertain,  and  cannot  l)e 
^fi^'-fi  tt^inh  far  IIm^  |xiHitive  identification  of  tissues.  In  general, 
^^t/vM.vr^.  long  bast  llbrcH  take  characteristic  colors. 

'.ll .  'I'Uii  following  combinations  for  double-staining  are  rec- 
uhitu^^h^Ual  by  Dr.  Stirling,'  and  though  originally  designed  onl}' 
fift  uhimui  Ljtfsiics,  berve  well  with  sections  of  plants:  — 

r  iibihU:  acid  and  picrocarmin.  2.  Picric  acid  and  picro- 
t:unhin,  ti.  Picrocarmin  and  h>gwood  (hsematoxylin).  4.  Pi- 
n^taunh'm  and  tin  aniliii  dye.  r>.  Logwocxl  and  iodine  green. 
ti.  hnttUi  and  iodine  grct»n.  7.  Kosin  and  logwood.  8.  Gold 
f:UhnuU^  and  an  aiilliii  clye. 

U^.  In  iIm*  caocs  which  require  8i)ecial  treatment,  for  instance, 
t-h^:  ^Juiiling  of  the  nucleus,  the  precautions  laid  down  must 
be  ulU'Utit'il  Uf  in  order  Uj  insure  success.  But  in  the  ordinar}- 
Wt>li^^r^!H  Hhcre  it  is  desirable  to  stain  a  specimen  merel}'  to 
Inihy.  boinc  part  into  prominence  for  purposes  of  demonstration, 
Ihi:  v%idi't>l  choifui  in  dyes  and  their  use  is  adviscHl.  A  few  mor- 
(|;4mU  lunie  lH*4>n  tried  in  order  to  fix  the  colors,  but  with  little 
h^t:it:i^ti.  'V\ni  best  are  tannin  in  solution,  and  aqueous  solutions 
nf  nn>  of  the  ahiniH.  A  little  practice  will  show  which  mordant 
jfi»  bcbt  thv  each  case. 

till.  HpcciuKMiH  HtAined  b}'  nearly  all  of  the  above  dyes  can 
|h:  inoinitcd  securely  in  balsam,  as  directed  in  section  110;  but 
gl.\ccrin  and  glycerin-jelly  mounts  are  apt  to  become  faded  or 
dit><'olorcd  alter  a  time. 

UHL  Mouiitlufr-niedla.  Pollen  and  other  dn*  specimens  are 
|)re»itrviMl  in  shallow  cells  formed  by  a  thin  ring  of  asphalt- 
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OF  white  Ipnd,  allowed  to  dr}'  nearly  to  hardness, 
upon  which  a  cover-glass  fits  Grmly.  and  is  i-etnined  h,v  s  second 
ring  of  Ibo  same  eeiuent.  IT  the  precaution  is  taken  to  have  the 
<rover-glas9  fit  evenly  to  the  Srst  layer  of  cement,  tlicre  is  little 
danger  that  the  itiibsequent  layer,  which  is  tu  hulil  the  cover  in 
place,  will  eryep  iiniier  it  and  into  tlic  eell. 

101.  Glyeeiin.  pure  water,  calcic  chloride  solution,  potassic 
acetate,  ainl  like  liquid;  may  be  used  as  mounting- media  iu  cells 
(irepared  in  the  manner  just  mentioned,  but  made  of  greater 
tliieknesa.  Care  most  he  observed  to  avoid  tonehing  the  upiier 
e<lge  or  the  cement  ring  with  the  li([uiil ;  and  yet  the  cell  mnst 
be  completely-  61led,  in  order  to  exclude  air. 

102.  ir  a  8i)eumeH  has  been  prepared  in  glycerin,  and  it  is 
not  considered  well  to  disturb  the  eover-gloss.  a  cement  ring  or 
square  cnn  l»e  built  up  around  the  cover  at  a  little  distance  from 
it.  pTomil'-.d  the  glass  slide  is  llioroughly  cleaneil  at  the  ptaee 
where  the  cement  is  to  be  put.  AfU-r  the  requisite  number  of 
layers  have  hnrrlened  eufflciently.  a  ling  of  the  same  or,  better, 
or  a  more  quickly  <trj-iug  cement  may  lie  placed  across  Trom  the 
edge  ot  the  cell  \o  tlie  eo^er-glas3,  to  hold  it  in  place.  As  this, 
ill  drying,  will  contract  somewhat,  it  is  a  good  plan  to  place  two 
or  three  R'agments  of  thin  glr«s  under  the  cover,  that  these 
may  receive  Ihc  pressure  and  prevent  ernsliing  the  spei^imen. 

103.  Of  the  mounting-media,  one  uf  the  best  is  glycerin  and 
ncelie  acid  iu  equal  parts,  botleil  and  Oltei'cd.  It  sen'es  well  for 
thin-wntled  specimens  (especially  in  the  lower  plants). 

lOJ.  8pceiinens  of  fresh  cells  or  of  juicy  tissues  which  are  t*> 
be  mounted  iu  gljcerin  arc  best  treated  in  the  manner  recom- 
mended  by  Bcalc'  "The  s[>eeimen  is  first  immersed  iu  weak 
glycerin,  and  the  density  of  the  fluid  is  gradually  increascil, 
cither  by  adding  from  time  to  time  a  few  drops  of  strung  gly- 
cerin, until  it  bcni-s  Uie  strongest,  or  by  allowing  the  oiiginal 
weak  solution  to  become  gradually  concentrated  by  slow  evapo- 
ration. In  this  wny,  in  the  course  of  two  or  three  da3*3  the 
softest  and  most  delicutc  tissues  may  btt  made  to  swell  out 
almost  to  their  original  volume  iu  the  densest  gheeriu  or  sjTup, 
They  become  mure  transparent,  but  no  chemical  alteration  is 
produced,  and  the  addition  of  water  will  at  any  time  cause  the 
specimen  to  assume  its  oitlinary  characters." 

10.5.  It  is  plain  that  mount"  in  any  liquid  must  be  liable  to 
ii^r}'  from  (Hsplacement  of  the  covei'-gtass ;   but  this  can  be 
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partially  guarded  against  by  fastening  to  the  upper  surface  of 
tlie  slide,  near  its  two  ends,  square  pieces  of  pasteboard  a  little 
thicker  than  the  cell  itself. 

100.  Glycerin-jelly^  a  mixture  of  glycerin  with  pure  gelatin,  is 
liquid  at  the  temperature  of  boiling  water,  and  solidifies  again 
on  cooling.  Any  specimen  which  is  not  injured  by  being  slightly 
heated  can  be  mounted  satisfactorily  in  the  jelly,  provided  it 
is  first  thoroughly  saturated  with  glycerin.  But  this  precaution 
is  bv  no  moans  necessary  in  all  cases. 

107.  A  drop  of  the  melted  jelh*,  free  from  air-bubbles,  is 
placed  on  the  slide  (a  fragment  of  the  solid  jelly  can  be  melted 
on  the  slide  if  preferred),  the  specimen  placed  therein,  and  the 
cover-glass,  previously  moistened  slightly  on  the  under  side  with 
gl3'cerin,  is  carefully  laid  on,  and  the  preparation  now  allowed 
to  cool.  When  the  jell^-  is  again  hard,  a  varnish  or  cement  ring 
may  be  placed  around  the  edge  of  the  cover  to  hold  it  in  place. 
Asphalt-cement  is  apt  to  impart  to  the  jelly  a  dark  tinge,  which 
may  sooner  or  later  spoil  the  mount,  and  hence  the  colorless 
varnishes  are  better. 

108.  The  v(\^ii  of  the  jelly  may  be  lightly  touched  with  a 
strong  solution  of  a  chromate,  for  instance,  bichromate  of  potas- 
sium, and  exposed  for  a  while  to  light.  This  renders  the  jelly 
insoluble,  and  firmlv  sets  it. 

109.  The  following  are  among  the  best  formulas  for  making 
this  useful  mounting-medinni :  — 

One  part  of  [)ure  gelatin,  three  parts  of  water,  and  four  of 
glycerin  (Schacht,  quoted  by  Dippel).  Nordstedt  uses  the  same 
proportions,  and  advises  the  addition  of  a  small  piece  of  cam- 
phor or  a  drop  of  carbolic  acid,  to  prevent  moulding. 

One  part  of  gelatin  is  soaked  in  six  parts  of  water  for  two 
hours,  seven  parts  of  glycerin  are  added,  and  one  per  cent  of 
carbolic  acid  is  added  to  the  whole.  The  mass  is  heated  for 
fifteen  minutes,  with  constant  stirring,  and  then  filtered  through 
glass  wool.  All  the  ingredients  must  be  absolutely  pure  (Kaiser, 
Bot.  Centrbl.,  1880,  f).  25). 

The  proportions  employed  in  the  secon<l  formula,  but  without 
the  addition  of  the  carbolic  acid,  give  a  clearer  jell}' ;  and  it  has 
not  been  apt  to  mould,  especially  if  the  cork  of  the  bottle  con- 
taining it  be  wra[)ped  in  a  thin  piece  of  linen,  which  has  been 
dipix?d  in  dilute  carbolic  acid. 

110.  Canada  balsam.  This  is  used  either  (1)  alone,  or  (2)  in 
solution.  In  either  case  the  specimen  must  be  free  from  water, 
and  [)ermeated  b}'  some  licpiid  easily  miscible  with  the  balsam. 
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This  is  easil.v  effected  by  first  saturftting  the  object  with  alcohol 
(beginning  iirefernbh-  witli  dilute,  iiiul  then  using  stronger),  in 
orilor  to  e.vpel  all  wuler ;  uc\t  placing  Uie  ak-olioliu  specimen 
in  oil  or  cloves,  turiwntine,  or  l>enzol,  until  the  alcohol  is  in 
tnni  expelled.  The  spM.'iincn  llms  |>ernieat«d  is  transferred  to 
balsam  which  has  Iwcn  previously  placed  on  the  slide.  Care 
must  alwaj's  be  taken  to  have  tlie  balsam  ^KrlecUj'  fi'ee  from 
sii-bnbbk-s. 

111.  When  used  alone.  tlit>  Iralsam  un  the  slide  may  be 
heated,  to  drive  off  a  part  of  its  more  volatile  i-onstituents,  and 
tlie  siwcimen  can  then  be  plaeed  in  the  warm  llciuid.  But  this 
metliod  is  not  applicable  when  the  B|iecimen  is  alTtcted  by  slight 
beating ;  it  is  best  adaptetl  to  imnl  tissues,  like  woods  and  fibres. 
Balsam  which  has  thus  been  heated  liaitlenson  cooling  to  a  good 
d^ree  of  Hrmness.  This  firnmess  is  secured  with  balsam  used 
without  beat  only  after  a  longer  lapse  of  time,  duiing  which  the 
more  volutile  matters  have  escajwd. 

113.  ir  pure  bnlsam  is  oaniiously  heatetl  iu  a  capsule  until  it 
no  longer  gives  off  vapoi«,  the  melted  mass  will  cool  into  a  pjde 
amber-colored  solid.  This  soliil  dissolved  in  a  small  iiuanLity  of 
benzol  riirins  a  liquid  of  the  consisteni.>e  of  synip,  which  is  useful 
for  all  mounting  where  heat  is  iujurious.  The  specimens  must 
l>e  treaUnl  success iviJ.\'  with  alcohol  and  hemtol,  and  they  are 
then  reiul}'  Iu  be  immersed  in  th«  beiiKoI-balsam  on  the  slide. 
An  equally  ser\-iccable  solution  is  made  by  dissulvmg  the  mass 
in  chlorofoi-m.  Chlorororm-balsani  reqtiii'es  the  specimen  to  be 
saturati'il  with  chloroform  before  immersion. 

113.  Iu  all  the  above  cases  two  precautious  will  save  disap- 
pointment: let.  the  slides  and  cover-glasses  should  he  heated 
shghtly,  to  di'ivG  otf  any  moisture  on  the  surfaces  which  ave  to 
come  in  contact  with  tlie  mounting-medium ;  3d.  the  covers 
shoiitO  lie  held  iu  place  by  means  of  a  slight  weight,  or  by  the 
pressure  of  a  spiing  dip,  until  the  balsam  or  its  solution  has 
become  tolerably  tlrui.  A  little  experience  will  show  that  speci- 
mens mounted  in  balsam  may  require  a  somewhat  different 
management  of  the  mirror  under  the  stage  fiiim  those  which  are 
muuuted  ui  a  medium  with  a  diffbrent  n-liactivc  |>ower.  Diimar 
may  replace  balsam  when  Uic  latter,  which  is  the  l>ctt«r,  ia  not 
to  be  bad. 

114.  Iloyer's  mounting-media  arc   highly  recommended  by   - 
Strasburger. '    The  ouc  which  is  preferred  for  anilin  preparations 
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is  made  b}*  adding  colorless  pieces  of  gum-arabic  to  a  solution 
of  potassic  acetate  or  amnionic  acetate,  until  the  liquid  becomes 
of  the  density  of  thick  syrup,  while  in  that  intended  for  carmin 
preparations  the  gum  is  dissolved  in  a  five  to  ten  per  cent 
aqueous  solution  of  chloral  hydrate,  and  about  ten  [)er  cent  of 
glycerin  added.  P2ither  of  these  media,  or  a  plain  solution  of 
pure  gum-arabic,  will  be  found  to  answer  admirably  for  all  prepa- 
rations of  woods  which  are  to  be  photographed. 

115.  The  edges  of  the  cover-glass  arc  usually  painted  with 
some  varnish  of  good  qualit\'.     Those  in  best  repute  are  :  — 

1.  Asphalt- varnish,  to  be  thinned  with  turpentine  when  too 
thick. 

2.  Maskenlack,  a  German  preparation,  thinned  with  alcohol. 

3.  Mikroskopirlack,  also  thinneil  with  absolute  alcohol. 

4.  Shell-lac  in  alcohol,  tinged  with  some  anilin  color.  If  a 
few  drops  of  castor-oil  are  added  to  the  solution,  it  dries  into 
a  less  brittle  finish. 

5.  Gold-size. 

6.  White  lead  (with  oil). 

It  is  a  good  plan  to  revarnish  slides  whenever  the  varnish 
first  shows  an}'  indication  of  breaking  away. 

A  few  works  in  regai^d  to  microscopic  manipulation  and 
micro-chemistry  which  may  be  advantageous!}'  consulted  by  the 
student  arc  the  following ;  — 

Bkale.  How  to  Work  with  the  Microsco{>e  (London).  This  is  a  large 
octavo  vohinie,  with  vory  minute  dt'scnptions  of  microscopical  appliances  and 
manipulation.     Sevenil  editions  have  l)cen  ]irinted. 

Carpknter.  The  Microscope  (l^ndon).  A  small  octavo  of  about  900  pp. 
This  work  deals  at  some  length  with  the  structure  of  animals  and  fdants. 

Hrhi:rns.  Hilfsbuch  zur  Ausfiihrung  Mikrobkopischer  Untersuchungen 
im  Botanistthen  I^abonitorium  (Braunschweig,  1883).  This  is  specially  de- 
voted to  mii'roscopic  manipulation  and  micro-chemistry.  An  English  trans- 
lation has  appeared. 

Poui-sKN.  Botanical  Micro  Chemistry.  Translated  and  enlarged  by  Pro- 
fessor Wm.  Trelease  (Boston,  1884).  xVn  excellent  account  of  the  chemicals 
used  in  the  examination  of  vegetable  structures,  together  with  some  directions 
for  their  employment. 

Straskurgku.  Dus  botanische  Practicum.  See  an  account  of  this  work 
on  j)age  165. 

Bower  and  Vines.  A  Course  of  Practical  Instruction  in  Botany  (Ix)ndon, 
1885).  A  most  useful  and  convenient  guide  to  the  study  of  the  histology  of 
flowering  plants,  fenis,  and  their  allies. 
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THE  VKGETABLE  CELL  IS  GENERAL:    ITS  STUCTCBE,  COM- 
POSITION,  ASD   PRINCIPAL  CONTESTS. 

11(i.  Tbe  onlt  In  Vcgdnblo  AniitomT,  ttie  fliiidanieiilal  eompo- 
nent  ol'  wliiuli  tlic  falirii:  <if  [ilaiits  is  fOQstnicted,  ami  from  which 
all  tlie  rlivcrsc  ItialoliigiL'al  clcmonta  are  derived.  In  the  cell. 
Even  the  elements  nhit^h  arc  tlio  least  cellular  in  n[>iH;arancc. 
ami  wtiicli  liave  names  of  their  own  (as  fibres,  duits,  ele.),  are 
only  transformed  cells,  oi'  simple  eorabiQations  of  tliem  ;  so  Ihat 
the  cell  is  the  type  as  well  as  the  unit  of  vegetable  stnictiirc, 
aa  indeed  it  is  of  animal  stnictiiri?  also.  The  name  cell  is  one 
which  would  not  be  given  U>  it  if  the  nomendature  wen;  to  be 
founded  upon  our  present  knowledge.  Cells  wore  uriKinaliy 
taken  to  be  only  closed  cavities  iu  a  vegetable  mass.'     We  now 

>  TliB  wirlifst  rei-ngiiition  or  m^lluLir  ittructurB  in  plauts  Rppi'ttrB  in  Rohei't 
Houke's  MleraiMpllB  flflOS),  p.  113.  "Our  ini''rMi:a|v  iarontis  ui  that 
tbe  KubsUDCE  uf  ciii'b  u  tliontiher  till'd  with  air,  anil  Ihiil  tlmt  uir  ■£  pirfcctly 
enclosed  iu  littli-  boxes  or  gpIU  distinct  rrom  one  anotber." 

NebeoiiHh  Gmv,  of  t^iiiton  (Tile  Analooiy  of  I'laiil?,  took  i  p.  4),  nuilcr 
d*te  of  1S71,  snyi  of  the  moss  through  which  the  fmmework  of  >  young 
plaA  is  distribnteJ,  "II  Is  m  Bixly  very  cnriotuly  orgsaiz'il,  coamting  of  an 
'   inHnito  number  or  eitmnc  minll  bladders,"  etc. 

Malpighi,  of  Bologna,  in  n  work  presenteil  to  tbe  Rciynl  Society  in  the  wnie 
yeiir,  uses  nearly  the  same  laiignaga;  "  Exterior  eteniin  onlicnla  uEriculis,  seu 
■awulis  borixonlali  ordine  locatis,  its  ut  annului  eflbmititur,  componiLur,  etc" 
{Anatomes  Plantarum  Idea,  p.  2]. 

Aa  a  preliiiiiuarjr  study,  a  beginner  should  prepare  and  oxamJas  a  fevr  sec- 
tion* 1i1[c4he  tMo*ilig:^ 

{11  Froin  the  tip  of  the  root  of  a  bmn  {which  hna  grrminntod  on  vfet  apange 
or  paper)  cnt  a  thin  Motion  luiigthvisj,  aud  rarelully  eiauiinv  it  nader  a 
poirarcil' 900-100  dismalvra,  IF  the  wctiou  is  thin  euoagb,  the  contents  of  tlie 
eellt  can  be  niuilc  out,  mid  will  be  orcn  to  consist  of  a  colorleaa  liuiiig  iprolo- 
platmi,  in  which  oue  pnrt  (fAo  niKlrut)  appears  ilpnsrr  than  the  rest.  Next, 
tnat  Ilia  section  with  n  aolutioa  of  iodine,  ntid  notiiw  what  porta  are  colored, — 
the  protoplasm  niid  nuclirnt  are  yi'llow  niid  bmwn,  but  Ibe  ci'lU  ou  the  luoaer 
pari  uf  the  tip  voatain  bluish  gisnules  {lianK),  This  itarch  cun  beat  lie  shown 
by  Sist  diaioWing  out  the  protoplaaiu  with  dilute  jiotaah. 
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PROTOPLASSI. 


of  tUe  protoplaBin,'  as,  for  iiistanoci  a  solution  of  c-onimon  salt, 
the  protoplasm  separates  frum  the  cell-wall,  and  by  its  con- 
tracliuii    shows    clearly    that    it    is    a 
clused  sac.     At  a  later  stage 
I  some  cells  even  this  Ihio 
protoplasmic  aac  wholly  dis- 
appears. 

121.  Protoplasm  itself  must 
be  regarded  as  esscnlially 
transparent  and  colorless,  but 
it  is  seldom  found  without 
some  admixtnrc  of  other  mat- 
ters, which  give  it  a  granular 
niipcarance.  The  gianulea 
are  generally  very  small,  and 
as  a  rule  arc  not  found  at  tlie 
*-  |)eri|>hcry  of  the  mass.     The 

"^^^  limiting  surrace  ol'  the  proto- 

plasmic mass  is  further  dis- 
tinguished by  bcina;  somewhat  denser  and  firmer  than  the  snb- 
atancc  it  encloses ;  and  although   it  cannot  be  separated  from 
the  latter  by  mecbanlcal  means,  it  is  oltcn  spoken  of  as  a  film ;  * 

wliicli  lake  up  tbu  uutuiing  m&tlor  rcniUly,  Imviiig  the  remniiiiltr  oF  the  niiiBa 
QTUtiineil.  It  il  belii'vnl  liy  Si-hmiCz  tknt  the  tinstami^l  tnasa  19  s  hiimogi^- 
uoous  Uiiuid  tilliug  tlie  menhes  (SiCiuiigsbcr.  der  aiederrhem.  Cesellsuhurt  in 
Bonn.  UUti). 

>  Surh  subsUncQS  aro  termed  plaimnli/Cu:  ngenti. 

■  Of  the  uppeamnra  of  protoplum,  the  fallaoriiig  remni'kB  by  Mohl,  who  Girt 
gtTFlt  the  nnnw  in  ISIB,  are  <rf' interest  "If  u  tiseiie  compoBcd  of  young  cellH 
be  left  tome  time  in  ileohol,  or  trcateil  with  nitric  or  ninrintii-  acid,  a  very 
thin,  finely  puiiiihir  meuilnane  becoinea  iletached  Tram  the  insiJe  of  the  wall 
of  llie  cell  in  the  form  of  a  closed  reuRle,  whtcli  becnmes  more  or  lesa  con- 
tncleJ.  and  coTi>ei]UeuUy  remoTea  all  tlie  contpnta  of  the  cell,  wliicJi  are 
endnaed  in  thin  vaaiclo,  from  the  watl  of  the  cell.  RenKona  hereafter  to  he 
diiKiikied  liave  led  me  taodl  this  inner  celt  the  jn-imonftai  utricle.  ...  In 
the  centre  of  the  young  cell,  with  rare  Mceptiotia,  lies  tha  ao-callm)  nueleua 
ecltaltc  Kit  Robert  Brown.  .  .  .  The  remiiindcr  of  the  cell  is  more  or  less 
densely  lilleil  with  an  opaiiue,  risciil  Duiil  of  a  white  colonr,  hovinf:  granules 
iDtemungleil  m  it,  which  fluid  I  enll  yralopliam  "  (Ulnlil:  The  Vegetable  Cell, 
nenfreya  Translation,  1852,  pp.  38.  37t. 

F10.  L    Proni  developlni  iintlior  of  OretaEi 
lilelEl}'  fllled  wltli  pmtaplaim.    Ulweria  al»  Ilia  nucleui 
otll.    (auicnnrd. ) 

Plfl.  2.  A  hair  ftgm  the  Mamen  nf  Tr*<le«snlla  pHnBl. 
Iba  liinB  of  granular  (hrni'la  running  Trim  lUIo  lu  •lile  u( 
•fiaca  tmveen  tliese  (hn«l>  are  vaeuole*.    TLw  n  ucliiuii  da 
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and  where  there  is  any  break  in  the  continuity  of  the  mass,  for 
instance  in  the  ease  of  sap-cavities,  a  similar  limiting  film  may 
be  supposed  to  exist. 

122.  The  consistence  of  protoplasm  depends  on  the  amount 
of  water  which  it  contains.  Thus  in  dry  seeds  it  is  nearl3'  as 
tough  as  horn,  while  in  the  same  seeds  during  germination  it 
becomes  like  softened  gelatin.  It  absorbs  water  readil}'  and  be- 
comes ix^rmeated  by  it,  thereby  increasing  its  apparent  fluiditj-, 
but  it  never  becomes  a  true  fluid.  Moreover,  there  Is  a  limit 
to  the  amount  of  water  which  it  takes  up. 

123.  Chemically  considei-ed,  protoplasm  is  a  very  complex 
substance.  It  belongs  to  a  group  of  bodies  of  which  the  albumin 
of  egg  may  be  conveniently  taken  as  the  tj'pe.  They  undergo 
many  slight  but  sometimes  remarkable  changes,  and  have  been 
collectively  termed  proteids.  The  tenns  albuminoids  and  pro^ 
teids  may  be  used  interchangeably   (see  857). 

124.  The  albuminoids,  or  proteids,  which  form  with  water  the 
bulk  of  protoplasm  proper,  are  of  course  associated  with  the 
matters  which  this  living  substance  makes,  uses,  and  discards. 
But  these  matters  exist  in  the  protoplasm  in  very  different  pro- 
portions at  different  times,  though  never  in  such  amount  as  to 
obscure  the  peculiar  reactions  of  the  albuminoids.  These  are 
the  following:  1.  The  yellow  or  brownish  color  imparted  by 
solutions  of  iodine.  2.  The  purple  color  pi-oduced  when  the 
specimen  first  saturated  with  a  solution  of  cupric  sulphate  is 
acted  on  by  potassic  hydrate.  3.  The  rose  color,  often  faint, 
which  follows  the  successive  action  of  a  solution  of  sugar 
and  strong  sulphuric  acid.  4.  The  red  color  given  by  Millou's 
reagent.  This  test  generall}*  requires  the  cautious  application  of 
heat.  5.  The  yellow  or  orange  color  following  the  application, 
in  succession,  of  strong  nitric  acid  and  amnionic  hydrate. 

125.  Dilute  solutions  of  the  caustic  alkalies  dissolve  proto- 
plasm ;  concentrated  solutions  do  not.  If  a  young  cell  is  acted 
on  b3'  concentrated  potash,  its  protoplasm  is  not  essentially 
affected ;  but  if  water  is  now  added,  the  protoplasm  dissolves 
at  once. 

126.  The  spherical  or  ellipsoidal  mass  found  in  the  protoplasm 
of  active  cells,  and  ditfering  from  the  rest  of  the  protoplasm  in 
its  greater  density,  is  the  nucleus.  The  sharply  defined  point 
often  seen  in  the  nucleus  is  the  nucleolus, 

127.  The  nucleus  undergoes  remarkable  changes  during  the 
earliest  stages  of  the  cell,  which  will  be  described  in  the  chapter 
on  "Growth."     The  relations  which  exist  between  the  proto- 
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planm  in  one  cell  wilb  tbat  in  contiguous  cells  will  Iw  consiilereti 
in  Cliapler  VI. 

128.  The  Mil-wall.  Tlie  cell-wall  is  [jrotiiicetl  from  materials 
contained  in  protoplasm,'  anil «  laid  down  in  intimate  contact 
with  it.  as  an  even  homogeneous  film  wbich  exbibita  itt  ftret  no 
obvious  stnictiire,  but  wiOj  inei-ease  in  size  generally  Incomes 
mo«lilie<l  in  ap[icaraiii.-c,  consistence,  ami  com|xisition. 

129.  Its  evenness  of  surracc  is  in  moat  cases  early  lost  Iiy 
addidon  of  new  matttr,  giving  rise  to  protuberances  or  markings 
of  dilTen^nt  sorts.  Thongb  at  first  ixissessing  no  evident  struc- 
ture, it  may  lieconio  clearly  differenliutwl  into  layers,  and  tlius 
become  stratified,  or  stiiations  ma}'  a|>|]car.  Its  consistence,  at 
the  ontsct  that  of  the  most  delicate  bleached  linen  fibre,  may 
soon  liccome  changed,  on  the  one  hand  to  that  of  sofl  gelatin, 
or  on  tlie  other  to  tbat  of  the  densest  wood.  Moreover,  although 
devoiil  of  color  wben  first  |»r<xluced,  it  may  acquire  distinct  color- 
ation i  and,  lastly,  its  cliemieal  cbaracti'r  may  undergo  such  im- 
porLint  changes  tliat  its  noimal  reactions  are  no  longer  given. 

ISO.  The  marking  of  the  cell*wall.  Uniform  thickening  of 
the  whole  cell-wall  is  extremely  rare  ;  even  In  tlie  examples 
which  arc  commonlv  given  to  illustrate  it,  pores  or  channels, 
more  or  less  distinctly  visible,  interrupt 
its  continuity. 

131.  The  thickenings  may  possess 
great  iri*gularity,  or  tbey  may  be  so 
strictly  localiKe<I  and  regular  as  to  form 
characteristic  features  of  the  widest  usu 
iu  diagnosis.  Tlier  may  pi'ojcct  out- 
wardly, forming  ridges,  spines,  and 
other  sculpturings ;  or,  as  is  moat  com- 
monly the  case,  inwardly,  giving  rise 
to  ringa,  spirals,  etc. 

132.  If  llie  wall  is  thickened  through- 
out, except  at  well-defined  points,  de- 
pressions or  pits  are  protliiccd,  varying 
considerably  in  outline,  but  occulting 
generally  as  simple  dots  or  lines.  In 
some  eases  it  is  not  ditllc-ult  to  sec  that  these  dots  or  lines  are 
true  pores  or  fissures  ruuuing  fi-oiu  one  cell  to  the  next. 

'  Aeconling  to  Si'liiiiiti,  tFie  cell-wall  ii  piTxluiwI  liy  the  winversion  of  the 
limiling  niiu  uf  proloiilwiii  iiiiuiMilltilaM.  Tlut  tbu  uell-wnll  ia  fonucd oJ  tlie 
limiting  film  wliniti  of  no  qat«tioD. 

Fia.t.   PltltOdoct;  ftaDHamor <^Iuirium  Intirbn*    [Juabi,] 
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133.  Borderwl  ])its  are  a  very  c-ommon  modification  of  the 
Ust.  A  com i>a rati vcly  lai'gc  epot  i-emains  utilhickcned,  but 
becomes  covered  by  a  low  <1omo  which  lin))  Kt  its  top  a  small 
aperture  ;  at  a  correBpondiiij;  point  of  the  wall  of  the  neighbor- 
ing cell  another  thickening  produces  a  similar  domo,  so  that  the 
two  domes  constitute  a  double  convex  body  which  ap|>ears  as 
a  disc  with  a  central  (jcrforatioii.  These  IkkIicb  are  known  as 
discoid  markuigs. 

134.  Kometimes  the  s|)ot  covered  by  the  arched  projection  or 
dome  is  elliptical  instead  of  round.  When  this  kind  of  marking 
becomes  linear,  or  nearly  so,  it  ia  termed  scalurifoim. 

13.J.  Wlicn  annular  and  spiral  tliiikeuings  occur  the  cell-wall 
Ijing  between  them  remains  so  tbiit  that  a  slight  strain  suf- 
ftces  to  break  it,  releasing  the  rings 
and  coils.  Tlie  number,  the  direc- 
tion, and  the  steepuORs  of  the  spi* 
rals  furnish  in  some  cases  diagnostic 
features. 

136.  Besides  spirals  and  rings, 
there  are  inh-rmediaie  forms,  which 
pass  easily  over  into  netted  or  reticu- 
lated Uiickenings.  It  happens  some- 
times that  the  reticulated  markings 
are  so  regular  that  their  interspaces 
ap)>ear  as  regular  jwlyguna. 

137.  The  external  sculpturing  of 
the  cell-wall  can  be  seen  in  many 
pollen-grains,  and  in  the  hairs  of 
many  plants,  tliougli  in  the  latter 
case  the  projections  may  be  partly 
due  to  irregularities  in  the  form  of 
the  cell. 

188.  SlrallflcaUon  and  stiiaUon.  The  cell-wall,  even  at  an 
early  stage,  frequently  cxhihils  a  distinctly  atrntitted  structure. 
In  some  cases,  at  least,  removal  of  all  the  water  whieli  forms  a 
constituent  of  the  wall  obliterates  every  trace  of  stratification, 
and  this  fact  supirarts  the  hyt>othcsis  that  the  appearance  of 
lamination  is  caused  by  differences  in  the  amount  of  water  con- 
tained in  alternating  layers  of  tlic  wall.  Tlie  less  strongly 
refractive  layers  are  sup|)03ed  to  contain  more  water  than  those 
which  arc  highly  refractive.     But  thcra  are  cases  of  stratification 
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which  cannot  be  satisfactorily  expiaincd  hy  this  hipothesis. 
There  are,  besides,  numerous  instances  in  which  tiie  stratiBcd 
appearance  is  not  cIcaHv  shown  until  the  cell  lias  l>een  acted 
on  by  an  acid  or  un  alknli ;  a.  good  example  of  this  is  afforded 
by  the  firm  cells  of  llie  albumen  of  the  vegetable  ivory  (Phy- 
t«lephas) .' 

139.  An  appenranoG  of  spiral  striatiun,'  ascribed  also  to  the 
unequal  distribution  of  water,  ia  oRen  seen,  especially  in  the 
cells  of  the  liber  of  Apocynaccic  and  allied  orders,  and  in  many 
wood-colls.  The  striations  are  not  constant  as  regards  the 
steepness  of  the  spiral ;  in  fact,  in  a  few  instances  rings  instead 
of  spirals  arc  present.  A  striated  appeaiance  is  sometimes  pre- 
Bcnled  in  walls  wliich  have  been  deprived  of  nil  their  water. 

HO.  Chemically  considered,  the  young  cell-wall  consists  essen- 
tially of  cellulose,  a  suhstancc  which  has  the  same  percentage 
comjiosition  as  starch,  namely,  C,H,oO,-  Even  in  its  purest 
state  it  is  associated  with  a  trace  of  mineral  matters  which 
remain  behind  as  ash  when  it  Is  burned,  and  in  the  living  cell  it 
is  always  |K'rnicated  ly  water. 

141.  Cellolose  is  not  soluble  iu  any  of  the  following  liquids 
commonly  used  in  mici'oscopic  manipulations,  —  water,  alcohol, 
glycerin,  dilute  alkalies,  and  dilute  acids.  It  is,  however,  more 
or  loss  strongly  acted  on  by  hot  conecntratcit  alkalies,  without 
passing  into  true  solution,  and  it  is  apparently  dissolved  hy 
strong  sulphuric  acid.  Whether  cellulose  becomes  tiiily  dis- 
solved by  concentrated  sulphuric  acid,  or  merely  forms  some 
otlier  carhohydratc  under  its  action,  is  of  little  consequence,  so 
far  as  the  destruction  uf  cell-walla  is  concerned.  In  nearly  all 
cases  its  action  is  so  energetic  that  the  wall  of  a  cell  can  be 

I  A(  xliown  by  Uohl,  tbo  totioa  of  a  iiiiiieml  wJU  of  pro|icr  degree  of  mn- 
criitniliun  cliicm  tli«  will  ta  bwcU  iiji,  miii  the  Uiui-lUr  structtu'e  becomes 
ntr  (liftiiict  "  By  tliia  iiwans  the  lauvllnr  «(nicture  nuy  be  denioriBtrated 
cTcu  in  Uiose  raws  in  wliii^h  the  uuulteretl  mtauUnuie  ■ppenrcd  uomfletvly 
homc^nmiix"  (Mulih  Wgnbible  CpII,  ]i,  10). 

'  ''TliesirntinvaUan  isviubln  on  tlie  Iransveme  xnd  longitudinal  >ections 
of  tbe  ixII'WrJI,  tlin  Mrinlion  oti  llie  tnriive  na  well ;  it  is  iiBunlly  moat  evident 
tliere,  but  u  in  general  !«•  ouily  seen  tliRn  the  atratilication  ;  it  drpcuds  on 
tlie  prescuce  of  alleiimlely  niorv  or  ]e«s  dense  Isyen  iu  the  cell-woll,  mevling 
its  nirruw  at  »n  auglc  (iFnenlly  two  nuch  nystems  of  Inyers  nuty  be  recog- 
nivd  mutually  inlcravcling  one  nnother.  There  are  thus  all  togi-ther  three 
qnrte&uaTlnyeni  pre^'iit  in  C"ll-*»ll :  one  con  centric  with  the»urfnfp,  and  two 
vntiesl  or  oblique  tn  it  iniitniilly  intersecting,  like  the  olefivHge  planes  of  ■ 
etjntil  sgililiingiu  Ihrue  directions  (Na^feli) :  ind  josl  uslbiji  clcavn^je  i»  some- 
Una  more  evident  in  nne  •lirotUou,  sometimes  in  another,  so  it  ia  also  with 
ibtAraliflvationamlitHaliou"  {Saeha:  Text-hook,  Stl  Eng.  eO.,  p.  20). 
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wliolh'  removed  l)y  this  acid,  even  without  destroying  the  proto* 
plasmic  contents ;  and  this  fact  has  been  extensively  eniploj'ed 
in  the  examination  of  the  continuity  of  the  protoplasm  in  con- 
tiguous cells.* 

142.  The  only  known  solvent  from  which  cellulose  can  be  re- 
covered without  change  of  composition  is  Schweizer's  reagent, 
ammoniacal  solution  of  cupric  oxide.  In  this  liquid,  cellu- 
lose swells  considerabl}*,  and  slowly  disappears.  It  is  thought 
by  some  chemists  that  it  does  not  truly  dissolve.  From  its 
apparent  solution,  it  can  be  jirecipitated  in  the  form  of  a  floccu- 
lent  mass  by  acids,  salts  of  many  kinds,  and  even  by  the  addi- 
tion of  a  large  amount  of  water  (see  5;")). 

143.  Fi'cshly  prepared  aqueous  and  alcoholic  solutions  of 
iodine  do  not  color  pure  cellulose  beyond  giving  a  faint  j'cllow- 
ish  tint ;  but  if  the  reagents  have  l>een  kept  for  some  time,  par- 
ticularly in  the  light,  they  may  impart  a  blue  color.'    The  latter 

1  Unsized,  Wfll-blea<thed  linen  jxqwr  is  nearly  pure  cellulose.  If  it  is  dipped 
in  a  cold  mixture  of  one  volume  of  water  and  two  volumes  of  strong  sulphuric 
acid,  withdmwn  after  ten  to  tw<;nty  seconds,  and  washed  thoroughly  in  water, 
and  finally  in  dilute  ammoniacal  watc>r,  it  becomes  much  like  imrchment.  This 
*'  vegetable  pai*chment "  is  a  suit^ible  membrane  for  certain  exiierimeDts  in 
absorption.  The  acid  in  this  exixfriment  is  sup^KJsed  to  convert  at  least  a 
portion  of  the  cellulose  into  a  bul>stiincc  which  closely  resembles  starch  in  its 
chemical  reajtions,  termed  mivihUL  Parchment  jmjwr  can  be  made  also  by 
concentrated  zinc  <;hlonde,  and  by  a  few  other  agents. 

•-«  Mold  (The  Vegetable  ('ell,  p.  24,  Eng.  Tmns.)  says:  "When  imbued 
with  iodine,  it  Ix^comes  indigo-blue  if  wetted  with  water."  In  a  note  on 
pages  28  and  29,  he  further  «iys :  **  Aly  rescrai-ches  shewed  me  that  the  in- 
fluence of  sulphuric  aci«l  was  by  no  means  necessary  for  the  pnnluction  of  the 
blue  colour  in  membranes  which  are  not  strongly  incrusted,  as  in  the  paren- 
chynutou.s  c(dls  of  su«Mulent  organs,  but  that  ioiline  and  water  alone  arc  suffi- 
cient; while  in  lull-grown  and  hardened  cells  sometimes  the  primary  membrane 
alone,  sometim<;s  even  a  gre^iter  or  smaller  i>oi*tion  of  the  secondary  layers  had 
through  th<^  deiK>sition  of  foreign  substances,  altog<;thcr  last  the  projwrty  of 
becoming  bhn^  on  the  application  of  sulphuric  acitl  and  iodine,  although  they 
were  still  c()njiM)sed  of  <ellulos«»,  and  irniine  alone  would  very  readily  ])roduce 
a  blue  (.'olour  in  all  their  meinbrane^s  after  the  infiltrated  matters  had  been 
removed.  The  means  I  employed  to  remove  the  infiltrated  substances  were 
causti*;  i>otash  an«l  nitric  acid.  .  .  .  After  this  treatment,  the  whole  of  the 
layers  of  all  elementary  orgjins  are  coloun*d  a  beautiful  blue  by  imline  even 
when  they  offer  so  great  a  resistance  to  the  a<'tion  of  sulphuric  acid  before  the 
treatment  with  nitric,  as  is  the  case  in  the  outer  membrane  of  wood-cells  and 
of  vessels,  and  in  the  brown  cells  at  the  circumference  of  the  vascular  bundles 
m  Fenis. 

It  is  plain  that,  in  the  latter  cases,  the  cell-wall  had  been  very  jiowerfully 
acte<l  on  lM.?fore  the  ap]ilieation  of  the  iodine,  an<i  to  this  severe  preliminary 
tii'atment  may  be  ascril>ed  the  efficiency  of  the  latter  in  producing  the  blue 
color. 
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color,  liowever,  is  given  even  by  fresh  solutions  oT  indino  to 
cellulose  wliiib  lias  lieen  previously  tii-'at*il  willi  certain  clieiri- 
cal  agcnU.  for  mstaneo,  utrung  fiiilphuric  aciii.  A  eonvenicnt 
inctlioil  of  cniplojing  Ihia  reaction  as  a  test  for  cellulose  is  to 
tborouglily  moisten  tlic  olijeet  with  a  diliiUi  nolution  of  iodine, 
and  then  to  apply  strong  sulphuric  acid,  ii|>on  wbieli  the  ecllulosc 
immediately  turns  liriglit  liluc.  It  is  sometimes  advantageous 
to  dilute  Uie  sitlphuriu  at;id  employed,  eillier  wiih  water  or  with 
glyceriu  ;  but  fur  most  cases  tlio  concentrated  acid  is  the  best. 

Sdiulzu's  solution  of  iodine,  better  luiown  as  ehloroiodide  of 
zinc,  used  alone,  gives  with  pure  cellulose  a  blue  eolnr  inclining 
to  purple.  This  n-actiou,  though  not  aiwajs  so  |)rom]it  as  the 
other,  is  generally  more  manageable,  nnd,  on  the  nliole,  more 
satisfactory. 

In  a  few  instances  the  cell-membrane  becomes  yellowish- 
brown  tbitiughout,  upon  the  application  of  an  io<linc  solution, 
a  readion  which  might  he  easily  mistaken  for  that  which  albn- 
miuoids  give ;  that  the  color,  however,  is  not  here  due  to  their 
pivsenee,  appears  on  snbjectijig  the  tissue  to  llie  action  of 
Millon's  reagent.  Vertical  sections  of  the  stem  of  Begonia,  as 
noticed  by  NSgcli,  afford  an  instructive  example  of  this.- 


'  That  tlie  yellow  milor  impnrlcil  by  ioillne  luu  been  otberviae  :iileri,».^ul( 
will  ■pptar  from  tlie  following:  — 

HnrtiiiglAmi.  de»Sc  lut,  a6r.  3,  tome  v.  p.  333)  stab^a,  tliat  "all  ligci&ii 
cell*  lure  Protein  maltera  in  tlieir  Kal\3." 

Muhl  (The  Ve/etablH  Crtl,  p.  35)  says :  "  NiLnisenous  camponntis  Jo  act 
occur  in  Uie  memliiunia  of  celU  which  are  jiist  nt  tlie  coiuiD«nccnient  of  thrir 
lieTelopnient,  for  tlieoe  sro  not  coloDnil  yellow  by  tinctiiro  of  iodine,  yet  tiolilly 
•  futt-groini  re\i  u  met  with  in  vrliiuh  tbU  is  not  the  case." 

It  b  Kl-IiI  by  MiiBeU  that  v^jp-table  cell-membraiiM  consist,  in  mme  in- 
atuieaa,  of  two  imtni'ric  snbatuiicca.  miai^nnlly  nliible,  whicli  are  intimnti'ly 
cumin ingled.  One  iiT  thne  it  aolntile  in  uolil  wnlcr,  more  wily  in  hot  wator, 
and  ■mnetimm  niwiii  Tor  its  oomplclo  cutnution  a  dihitr  uid.  Pmm  tlie  sotn- 
tlon  iodine  throws  dawn  n  bins  ur  lititinli-graen  jiivci|ii[at<<. 

A  ayii'iiitiial  tHblu.  Iniwd  on  ditTfri'iieeH  in  solubility  of  onllnloM  and  its 
mndiliaatiDiis,  and  tii  their  behavior  tonanla  imlinr,  has  bi.'ea  conatnietol  by 
Mi^li.  Tba  pirt  of  the  tablo  which  is  givtii  belon  afTurvls  exaJleat  pnctioe 
far  the  beginner. 

I.    DlFTEHESCES   IN   SnlCBlLnT. 

(11  In  colli  nratar,  InToniinK  Bwollen  ;  in  hot  wiit*r,  diinippairing,  osffiolni't 
VKKilage  ;  r.g.,  in  the  outer  la)Kr  of  the  celts  foi-ming  tlie  UMa  of  juina  ivd» 
(Old  thorn  of  flax. 

(2)  8oluhlpiuconcontniteilaul|)huric  nciJ,  iu»l  incufiraromonin;  t.g.,  a/Oon- 
hain,  biut-fiint,  sic 
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144.  Ti^  j/fiiy;;j/ji»l  taijtlidcaiums  of  the  eeli-wall  are  the  fol- 

( }  J  y^rUkA  ^ff  i'i0iu\tU'U:  crinvcrsion  into  mncilage  (Gelatina- 
tioij;  :  itf  L'i'/u'iU*'S^Uou  ;  {H)  Cutiiiizatiou  (or  Suberification)  ; 
{4)    Miut'tajizttti'/fi. 

lio.  AIJ  of  Ui^'M>d%  i'Xt*i'\fi  i\ui  fipHt,  change  the  chemical  char- 
aeUsr  of  tU;  i^rW-wnW  only  l»y  what  may  be  regarded  as  infiltra- 
tion ;  ujxHj  mu^/\sii  of  thi;  infiltrated  matter  !»}'  means  of  proper 
ii>s<?uU».  thk  otrUuUjttis  h&tiiH  of  tlic  wall  is  left  behind  with  very 
iittU*  if  any  ^^awj^it, 

140.  it  v/UHftir/iifH  hapfK'ns  that  one  part  of  the  membrane  of 
a  cell,  or  <fv<fn  one  of  iu  layers,  may  l>e  modified  in  one  wa^',  and 
anoth(*r  in  aiM/tlM'r ;  St  i^  alno  posnible  for  the  same  membrane  to 
undergo  two  of  tlie  changes  aliovc  mentioned ;  namely,  Lignifi- 
oation  and  Mineralization. 

147.  Tlie  nadlairliioBs  raodlflcatloD.  Commonly  the  cell-wall  is 
Dot  much  changed  by  immersion  in  water.  It  may  become  more 
nearly  transparent,  but  its  size  and  density*  are  not  essentially 


(8)  {soluble  in  ttulpliiinc  arid,  insoluble  in  cnprammonia  (unless  jtreWously 
acted  on  by  uHds  or  ulkiilieM)  ;  e.  //.,  the  pilh,  and  mMLullary  rays  of  woods, 

(i)  Soluble  ill  cou(Mintratc<l  sulphuric  acid  ;  insoluble  in  cuprammonia,  but 
btK(>Ti:ii:g  M^lubi<'  iii  tlii.s  u\i4m  |)n'vious  treatment  with  Schulze's  macerating 
liquid  ;  €.  tj.f  wtMtd  cells  uf  jtiiw,^  t/ak,  yrw,  qUi. 

*V:  !uM>]uble  in  conci'ntnitcil  Nulphuric  acid  and  cuprammonia,  but  soluble 
in  boiling  coiirentrati'cl  i¥>tuKi»ic  hydrate  \  e.  g^  cuticle^  and  tlic  outer  layci  of 
the  ^uifUfiaiu  of  older  duets, 

II.  Iodine  Rractioxs. 

(1)  With  iodine  snd  water,  a  blue  color  :  lichcn-filammtSt  etc. 

(2)  With  iodine  and  water,  no  color  ;  but  giving  a  blue  tint  with  iodine  and 
a  metallic  iodide  ;  or  wh**n  iodine  in  followi-d  by  sulphuric  acid  :  — 

A.  ThiU'WitlUd  Vareiyhyma  (which  will  often  turn  blue  when  a  pure  iodine 
solution  a4;ts  with  re(ieate<l  drying),  older  Ptirenchyma^  the  inner  part  of  thick- 
nwd  wood-cells  of  Pintis  and  Abies^  and  the  basl-Jibrcs  of  lump. 

B.  Only  wht'n  the  reagents  have  licen  pn'ceded  by  the  application  of  nitric 
aci«l :  all  mnnbrancs  in  tlie  interior  of  thr.  plant,  e.  g.,  the  outer  jiart  of  wood- 
cells  and  ducts,  the  browu  cells  which  surround  the  vascular  bundles  in 
ferns,  et<;. 

(\  Oidy  when  the  reagents  have  been  preceded  by  the  use  of  boiling  |X)tassic 
hydrate  :  cork,  etc. 

Acconling  t/)  Fr^my  and  Urbnin,  the  substances  which  form  the  skeleton  of 
plants  nn*  prin('i|»nlly  |»ect()se  and  derivatives  from  it,  cellulose  and  its  isomers, 
ysAculose,  and  cutose.  These  four  groups  are  thus  distinguished  from  one 
another. 

Pactoae  acted  on  by  alkaline  carbonates  is  changed  into  pectic  acid,  and 
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alTecteil.  It  Botiietiines  bappene,  however,  tbal  liie  cell-wall 
acquires  nbolly  new  relations  to  wa.ter,  niiil  becomes  capable  of 
absorbing  a  large  nnionnl  of  il  with  great  increase  of  volume  and 
iranslucenw,  A  <;ell-wall  which  has  imrlergone  this  mucilagi- 
Dous  modificfltiun  takes  dq.  when  placed  in  wat«r,  the  consist- 
ence of  soft  gelatini  and  if  the  mass  is  then  naruied  it  appeal's 
to  tlisBolvG,  forming  a  thick  mucilage.  Upon  drying,  the  muci- 
lage hardens  into  a  traHsliicent  gum,  in  which  the  cellulose  char- 
acter is  nearly  or  wholly  lost. 

148.  Generally  the  changes  produced  in  such  a  wall  by  water 
are  so  rapid  that  it  is  desirable  to  place  the  sjiecimen  at  first  in 
kIcoIioI,  and  then  to  replace  this  medium  cautiuuslj-  by  water  or 
liy  dilute  glycerin,  when  the  variatiuus  in  shape,  size,  and  con- 
sistence can  be  easily  followed.  The  addition  of  alcohol  will  of 
course  arrest  the  changes  at  any  stage  desired. 

149.  These  changes  can  be  easily  traced  in  the  outer  cells  of 
the  integument  of  a  flax-seed.  The  mucilage  appears  as  au 
obscurely  stratifled  mass  nearly  filling  the  cells,  except  at  their 
centre,  where  there  is  a  low-arched  cavity.     On  the  cautious 


pccbiU*  urn  fomicd.    Tliew  an  rciidily  dcconi[iD«ed  by  hydrochloric  ncid,  and 
huoluble  gnlnlinoua  pwliv  ncid  i»  Ibrowii  dowu. 

Cellalose  ind  iU  iMmen  agree  in  being  soluble  in  conctntrnteil  Enlphiiric 
kri<l,  Init  ttiKf  dilfvr  in  tliu  tiiUowinK  ]>oiuts :  CelluloHe  dissolves  at  once  in 
oDpratiiiiHinii  1  ponuH-llulosc,  only  after  the  action  of  acids ;  metac«lluloae,  not 

Vasi'uloH  ii  not  easily  soluble  in  coucefitmtMl  siiIphuTic  acid,  but  after  the 
Metion  of  oxididiig  agents  gives  rise  to  resinous  ociiis,  which  are  separabU  by 
■Ikalira  from  itssociateil  ccilliitoee. 

Cutose,  the  tnnutnrent  film  covering  the  aerial  organs  ot  plants,  is  dissolved 
neither  by  eoncentraled  Hnlphariu  add  nor  liy  cuprnmnionia,  but  dissolves 
vtithoiit  (^bangv  in  illcBlinv  liquids.  Tli«  following  rcaultsof  anilysea  by  Fremy 
and  Urhaiu  (Anu.  &■.  nat.  ImL,  1882)  show  spproiinjateiy  the  unount  ot 
tbmi-  mlistauueB  in  dilTL'n-iit  parts  of  certain  gilantti. 

Boet  b/  fiaalotmia.  —  (1)  SnhsCaucra  soluble  in  water  and  in  dilute  alkalies : 
oork  4S,  wilt  hut  56.  body  ot  toot  47.  (!)  Vasculose :  cork  14,  sort  bnat  34, 
body  of  root  17.     (S)  Paracellalou; :  cork  4,  soft  boat  4,  bo<ly  of  root  30. 

Sttmr,  —  Vui'ulose  IncrnMa  in  amount  with  tbu  denxlty  of  tbe  wood.  Tlia 
pith  contains :  of  cellulone  87,  pdnipellntose  38,  vaacaloae  25  per  cent.  Cork 
contains :  matters  solublu  in  acids  aod  alkalins  G,  i^utose  43,  vasculosv  2!>, 
cvllnloae  and  pnnuwIlnloBe  12  |wr  tent  (eutose  and  vajculosc  forming  together 
Uie  mb^rino  n(  Clievreul). 

Ltava  i(f  Itv.  —  WstiT  an<t  Biibstancra  soliiUe  in  neutral  solvents  707.7, 
pinmchytii*  (forninl  of  cellulose  and  j-ectose)  240,  fibres  nnd  veaseU  (of  vascu- 
loac  nnd  paracellulose)  17.,%  epidermis  (cuUwe  and  paracellulose)  35  parts. 

PttaUtif  DnWia,  —  Wntorand  soluble  uiatlers  061.30.  pamicbyma  (of  cel- 
Inlou  and  pcctow)  31.63,  Taaciiloae  1.30,  iiatacellulofie  3.27,  uutose  3,60  parU. 
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addition  or  wat*r  this  cavity  becomes 
whole  mass  of  the  cell  swelh 


Icarlj  dcbned  tho 
I  the  mitilnge  can  then  he 
m  kk  oit  as  a  d  at  iiLth 
Btrat  he  t  stricture  btlong 
ing  api  arenth  as  mncb  to 
the  o  U.r  aa  to  tie  inner 
face  of  the  cell  wall  But 
tf  tie  ml  on  of  water  is 
pnlonged  thehliatifed  np- 
pearan  *  van  thes  and  the 
wall  becomes  tpticalh  lio- 
mogeneoua  with  the  escep 
tion  of  Us  mi  I  Ik  portion 
the  M  cnlletl  pninar\  mi^ra 
braiie,  which  remains  un- 
changed. On  the  addition 
of    iodine     and    sulphuric 

acid,  the  primar\-  memhrane,  but  not  the  mncilage.  becomes  blue. 

Furthermore,  the  lateral  walls  of  the  cells  are  not  converted 

into  mucilage. 

150.  The  mucilaginous  modification  can  be  examined  to  ad- 
vantage in  the  seeds  of  some  Folemoniaccie  (especially  Collomia) 
and  a  fen  Acsntlmcefe.  o.  g..  Ruellia.  These  seed-coats  arc 
covered  with  hairs  which  break  open  when  wet,  and  allow  not 
only  the  mucilage  but  also  slender  coiled  threads  to  cscoi»e. 
The  achcnes  of  some  Compositte  of  the  Senecio  group  and  the 
nutlets  of  a  few  Labiate  (the  Sahia  tribe)  exhibit  nearly  the 
same  phenomenon. 

151.  LlKnlflcaUoii,  Iiidnralion  of  the  cell-wall  is  caused 
most  cominonly  by  the  presence  of  an  incnisting  substance 
known  as  lignin.  Owing  to  the  diflflculty  of  se|)arating  it  from 
the  cellulose,  wilh  whicli  it  is  asBueiatcd.  its  chemical  composi- 
tion must  be  regarded  as  uncertain.  Altliougli  generally  8[>oken 
of  aa  a  single  substance,  it  is  probable  that  the  lignin,  or  in- 
crusting  matter,  is  made  up  of  several  dificrcnt  substances,' 


>  Ph.V'II  (M^m.  dM  Bavunu  etrangcn^  ix.,  184d,  i>p.  8S,  5)  disiuiRuinhwl 
Ibur  lui'li  iniMtutiug  Lmtleni  ilUfering  in  lb«ir  coniixHitioti  and  iu  their  be- 
liavior  to  sulvvnU.  Lignnat:  insolubU  in  water,  ulcobol,  vChcr,  and  ammo- 
nln;  (olotile  iu  galutions  of  jiotasaa  and  aodn.  Liynone ;  insolubld  in  vUr, 
almbul,  Hiiil  ether:  Bolnble  in  nmmtiriui,  potnssa.  and  soda.  Liynitt-  xa- 
BoUlbl«  in  water  and  ether  ;  nolnble  in  ali-choI,  11111111111111,  pntiDkan,  nnd  soda. 


FtQ.  a.  SmUod  oT  tl 


■llliiua.  BliawiDi  mucUaglauui 


moiliflca- 


wlilch  occar  in  differeiil  proportions  in  ditTerent  plants  ami  in 
different  )>arls  of  tliu  same  pl.iut. 

la'2.  Ligiiin  iliasolvcs  reaitily  in  Sthulzc'a  macerating  liquid 
and  in  potassic  liyilratc,  bill  uol  in  cupmranionin,  tlic  well- 
known  solvent  Tor  cellulose. 

iaH.  Ily  tlie  nse  of  Sdiulzc'a  macerating  liquid  a  ligniScd  c-ell- 
wall  OHH  be  wholly  freed  IVom  its  Incrusting  substance,  and  pure 
cellulose  wil!  be  left  behind.  For  control,  it  is  wt'II  to  employ 
(Jie  tests  for  li|;mn  given  bvlow,  lioib  trilh  ordinary  wood  and  wilU 
oimllar  sgjecimcns  nhich  have  been  treated  witli  tbia  solvent. 

1^4.  Tests  fur  lignin.  1.  Salts  of  anilin.  If  a  lignifled 
c«II-wall  is  subjeetMl  to  tlio  action  of  n  strong  solntion  of  anilin 
anipiiati!  adilulat«d  wilti  sulpUnric  acid,  or  to  tliat  of  a  solntion 
of  anilin  chloride  acidulntctt  with  hydrochloric  acid,  it  will  at 
onco  tnru  yellow.  The  depth  of  the  color  depends  somewhat 
ni>on  the  strenglh  of  the  solution.  The  color  is  destroyed  by 
alkalies,  Init  is  restored  by  aeida.  Wiesner,  who  first  applied  the 
foregoing  rcagcnls  to  the  detection  of  lignin,  has  su^ested  an- 
other  wliieli  is  for  many  cases  even  more  satisfactory ;  namely, 
S.  Phlorc^lucin.  In  an  alcoholic  or  aqueons  solution  of  this 
substance  (.01  per  cent)  a  ligniflcd  ccll-wnil  does  not  change 
color :  but  if  the  8|>ecimeH  is  slightly  acidulated  with  hydrochloric 
add,  it  becomes  violet  or  purple.  3.  CarltoUc  acid  (phenol) 
and  hydrochloric  acid.  Th«  solution  described  on  page  11  im- 
[inrts  to  lignilit-d  cell-walls,  when  cxposctl  to  a  strong  light,  a 
grtien  w>!or  which  is  very  fugitive.  S|jeeimens  under  examination 
should  therefore  be  watched  from  the  moment  that  the  reagent 
Kaches  tlicm.  4.  Indol.  An  aqueous  solution  is  to  be  replaced 
under  Uie  cover-glass,  aller  it  has  moistened  the  specimen  thor- 
oughly, by  a,  little  dilute  sulphuric  add  :  lignified  cells  will  l>e- 
comc  red  or  redd  lab- violet.    This  n'ogent  docs  not  appear  to  have 
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mnv  marker]  advantage  over  that  which  gives  Dearly  the  sauie 
color.  ii'Jiu<'ly.  phlorogluciii. 

1-05.  By  the  employment  of  these  reagents  uiany  cell- walls 
have  been  bhown  to  lie  distinctiv  lignifii.*d  when  the  older  re* 
agent —  i^yline  in  Bolution  —  failed  to  detect  the  change. 

150.  CatlBizatloB.  Ordinary  and  lignified  cell-walls,  and  those 
which  have  undergone  the  mucilaginous  modification,  absorb 
water  freelv.  On  the  other  hand,  the  walls  of  certain  cells  found 
chiefly  on  the  exterior  of  organs  arc  rei^ellent.  The  substance 
which  im|nirti«  the  rei>elleut  character  to  the  c*ell-wall  is  known 
as  cutin  ;  when  restricte<l  to  cork  it  is  called  sul>erin. 

157.  Cutin  and  sul>erin  have  been  descril>ed  as  different  sub- 
stances ;  but  although  the  former  is  moix'  generally  associated  with 
waxv  matters,  its  reactions  arc  essentiallv  the  same  as  those  of 
sulx'rin.  The  water-i)roofing  of  the  cell-wall  may  Imj  suix^rficial, 
as  in  mf>st  young  epidermal  cells,  or  it  may  affect  the  whole 
structuHf  of  the  wall,  as  in  the  case  of  cork.  If  a  distinction  is 
loade  Ix'tween  the  two  states,  the  first  maj'  be  termed  cutiniza- 
tion,  the  second,  suberification. 

158.  Cutin  can  be  removed  from  the  walls  with  which  it  is 
associated,  bv  the  use  of  Schulze*s  macerating  liquid,  subsequent 
treatment  with  jxitassa,  and  careful  washing.  It  is  sometimes 
necessary  to  heat  the  section  in  |)otassa  l>efore  the  cellulose  can 
be  completely  freed  from  the  other  matters. 

159.  llohuel  *  has  shown  that  the  wall  of  a  cork-cell,  with 
the  exception  of  the  young  cork-cells  in  Conifene,  is  com^wsed  of 
five  plates:  (1)  a  middle  plate,  c*ommon  to  the  two  contiguous 
cells;  (2)  two  plates, one  on  each  side  of  the  latter,  consisting 
of  cellulose  whicli  is  both  cutinized  and  lignified ;  (3)  two  plates 
of  cellulose  forming  the  inner  lining  of  the  respective  cells.  The 
latter  plates  may  be  more  or  less  lignified.  Diffei*ences  in  the 
relative  proportions  of  these  constituent  plates  give  rise  to  dif- 
ferences in  the  character  of  different  kinds  of  cork. 

ICO.  As  in  the  case  of  lignin,  the  difficulty  of  extracting  cutin 

renders  its  chemical  composition  doubtful.     It  is  usually  given 

as  follows :  — 

Carlwn         73-74  per  cent 

Hydrogen 10  " 

OxygfMi 17-16        ** 

But  there  is  also  a  trace  of  nitrogenous  matter  demonstrable ; 
this  probably  belongs  to  residual  protein  matters  which  are  in 

»  SitzungHber.  d.  k.  Akad-  Wien,  Bd.  kxvi.  1  Abth. 
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the  cell-cavity,  and  not  in  the  cell-wall.  Sulphuric  acid  and 
chromic  acid,  even  when  concentrntcd.  produce  little  eH'ect  on 
cutinizcd  membranes,  lieyoiid  removing  traces  of  cellulose  pres- 
ent ill  llie  cell-wall.  Tlie  latter  acid,  however,  inereiiaeB  the 
transparency  of  culinized  nienibranea,  eBpetiully  after  prolonged 
action. 

161.  Potassic  hydrate  softens  such  membranes  and  colors 
them  yellow  ;  when  heated  it  breaks  them  into  a  granular  mass 
which  may  be  removed  by  careful  washing.  Cantiously  heated 
with  Sehulze's  mnceratiug  liquid,  tliey  disintegrate  into  granules 
of  eerie  acid,  —  a  substance  which  dissolves  in  alcohol,  ether,  and 
benzol.  Several  of  the  coal-tar  colors  stain  the  cutinized  por- 
tions of  cell-walls  very  deeply;  if  the  specimen  thus  colored  is 
placed  in  nbsolute  alcohol,  the  cutinized  parts  alone  n-tnain 
colored.'  Two  (mints  relative  to  the  cutiuization  of  epidermal 
cells  may  be  noti'd :  (1)  the  cutin  ma3-  take  on  the  form  of  lay- 
ers, often  numerous  and  conspicuous  ;  (3)  there  maj'  be  a  eun- 
Biderable  irregularity  in  the  outline  of  the  deposits,  sometimes 
as  folds,  hooks,  and  the  like,  wbiih  do  not  strictly  conform  to 
the  cellulose  wall  on  which  they  arise. 

162.  Miuerollzatloii  of  the  cell-wall.  Although  all  cell-walls, 
even  the  most  dclicittc,  can  be  shown  to  contain  traces  of  inor- 
ganic matter,  it  is  only  in  a  few  special  cases  that  such  substances 
a|)pear  in  a  fomi  to  be  noticed  uncler  the  microscope.  Slinerali- 
zatlnn  of  the  wtill  may  be  general  or  local,  may  depend  upon 
the  presence  of  rrystnls  or  of  amorphous  deixmits,  and  these  may 
consist  of  silicic  acid  or  of  calcium  salts, 

163.  General  mineralization  of  the  wall  depends  most  fre- 
qnently  on  silicic  acid,  and  may  be  best  demonstrated  hy  first 
boiling  tlie  specimen  in  nitric  acid,  driing.  heating  to  redness  on 
phitinum-foil.  and.  lastly,  treating  again  with  niirie  acid.  The 
silicic  acid  remains  behind  as  a  deliente  skeleton  which  copies  in 
all  particulars  the  coi.tour  of  the  wall  of  which  it  formed  a  part. 
Fine  examples  are  afforded  by  the  harder  grasses.^ 

Caleinm  salts  may  esist  in  crj-atalline  or  amorphous  form,  and 
may  be  distinguislied  by  the  tests  to  he  given  for  them  under 
the  section  on  "Crysitab."  That  in  some  cases  they  constjtate 
■n  integnint  part  of  tlic  wall  itself  admiu  of  uo  question. 

164.  In  the  cells  of  many  plants,  especially  UrtieaecEe,  pedj- 
oellated  concretions  occur,  which,  on  superllcial  examination, 

»  Olivier:  Bull.  Soc.  bot.  cle  Fr..  1S80,  p.  234. 
•  Tabothetr  Koosiits  af  tlie  niliceous  luUtiincci  oliich  o 
of  bunboo  ia  Urge  quantittn. 


n  IhtjoiuLs 


40  THE  VEGETABLE  CELL  IN   GENEKAL. 

appear  to  bo  mucli  likt'  the  sphcrc-enatala  described  in  18C,  But 
if  they  are  oarofiillj-  tn-nled  with  dilute  bjdrofhioriu  acid,  the 
chief  part  of  the  coucretioit  disap]>eara,  leaving  lK.-hind  a  delicate 
trace  of  cellulose  wUidi  was  hitcrroinj^led 
nith  it.  That  this  cellulose  was  an  in- 
tniKive  growth  into  the  eell  from  the 
wall,  is  bliown  by  a  study  of  its  develop- 
ment. In  most  eases  snch  coneretious 
(CvHlollths)  are  plainly  stalked,  but  in 
8<inic  instances  they  are  only  obscurely 
stalked,  and  arc  with  difliculty  distin- 
guished from  the  ordinary-  eell  concre- 
tions. In  the  leaf  of  Ficiis  elastica  (sec 
Fig.  G)  they  are  more  conii>letely  devcl- 
oi>ed  than  in  any  other  common  plant. 

16o.   Other  ehangea,  chiefly  those  of 
degradation,  may  take  place  in  the  cell- 
"  wall,  giving;  rise  to  products  variously 

known  as  gums,  resins,  &c. :  but  in  all  these  cases  there  is  such 
a  commingling  of  the  cellulose  derivatives  with  those  formed 
from  the  contents  of  tlie  cell,  that  they  cannot  be  readily  dia- 
tinguishi'd. 

166.  I'rotoplasm,  as  was  shown  in  the  previous  sections,  gives 
rise  n|K)n  its  exterior  to  the  cell-wnll.  Inside  the  cell,  likewise, 
it  produces,  either  directly'  or  indirectly,  vaiious  substances.  In 
the  present  chai)ter  these  substances  are  to  be  considered  only  so 
far  as  relates  to  their  detection  and  idcntili<ration.  Most  of  Ihem 
arc  to  be  examined  later,  with  reference  to  their  ofBcc  in  the  life 
of  plantt. 

167.  Plastids.  In  the  protoplasm  of  active  cells  certain  gran- 
nies h.-iving  substantially  the  same  chemical  and,  with  the  excei>- 
tion  of  tlieir  color,  tlic  same  phjsical  properties  as  protoplasm, 
arc  cleaiiy  differentiated.  They  arc  imbedded  in  the  general 
protoplasmic  mass,  and  are  not  separable  from  it  by  mechanical 
means. 

1G8.  Such  grannies  may  be  conveniently  referred  to  three 
types,'  depending  u[)on  the  color  :   ( 1 )  those  wliich  are  green,  — 

'  Rei'ent  invrelipitiona  render  it  prohnlilc  that  IhosplhrM  kinds  of  (rrniiiil''9 
are  derivi'd  froin  a  cninninii  Bource,  and  nltlion^;])  lianlty  diKliiigiiUlmble  TrDiu 

Fio.  t.  rTHtiilllli  fmm  the  upiwr  jmrt  of  a  leaf  at  Pltat  nliuillfa.  (,  rplrlermln; 
k,  hrpmiwrrn;  ri?,  i^'i-Mlll.;  rft,  rft,  cpUb  nintalnlne  rlilnrnphjll,  IHrtll  beolwerved 
llMt  tlie  pMllrvl  of  tba  cjitoUth  appcsn  Ui  be  •tlkrhol  (a  (b<  lower  wall  of  tlia  upper 


CHLOROPHYLL  GBANL'LtrS. 


41 


CMoroplaedila,  or  chloropli.\U  granules,  also  calleti  c-hioroleu- 
cilea ;  ( 2)  tlioee  viLich  have  some  color  olber  tliaii  gn?en,  — 
OAromop/aifi/*,  or  chroraoleuciles ;  (3)  those  wLdcli  arc  devoid 
of  color,  —  Leucopla»tide,  or  leudl«8. 

Ki'J.  Chlorophyll  Granules, 
or  Ckloroplastids,  are  met  witli 
in  the  green  parts  of  all  plants ; 
in  Cwt,  to  tliem  the  green  color 
is  due.  But  they  are  some- 
times miuikcil  by  the  presence 
of  color  in  tho  cell-sap.  Their 
shape  is  spherical  or  spheroidal, 
and  somevrhat  flattened.  They 
have  an  average  diameter  of  2  to 
3  ^,  but  many  granules  are  con- 
siderably larger  than  this.  It 
frequently  happens  that  tbej-  be- 
oome  of  great  sise,  owing  to  the 
presence  of  solid  conteul3,^  for 
instance,  starch, — which  may 
accumulate  in  large  amount. 

170.  If  the  granules  arc  sub- 
jected to  the  action  of  alcohol, 
their  coloring  matter  is  wholly 
removed:  but  they  retain  their 
fortncr  vohime  and  shape,  ap- 
pearing faintly  oiiUincd  in  the 
[m>loplasmic  mass  in  which 
ihcy  are  imbedded.  Hence  it 
U  pro|jcr  to  distinguish  be- 
tween the  chlorophyll  l>ody  of 
the  (^hloroplastid  and  the  chloro- 
phyll pigment  which  imparts  to  ^ 
it  its  charade I'istic  col()r. 

The  chloiijphv U  Ijody  niaj  Ix-  shown,  hy  the  process  described 
in  61,  to  be  somewhat  spongy  in  structure,  and  to  have  on  its 

ndi  otlitir  M  the  outset,  become  ohloropkatiiU,  chn>m(>|iln»tiii9,  or  loiitii]>l*«- 
tidi,  niworUiiig  to  tli*  part  wliich  web  U  to  play.  Moi-rovor.  on*  kind  of 
gianiilv  niii,  iimler  cr-rtniii  oonditjona,  perfomi  work  vrhjch  proimrly  lirlongs  to 
BDotLcr,  mill  lience  it  i»  nut  Hin'nyii  ghsj  ti>  iilmtir)-  Tlip  ililTi-reiit  kinds,  tn 
moat  casiM,  ho«ever.  lliHr  diiiriiiiLnotiiiii  i^  veiy  siaililc 
They  an.'  alau  uilKil,  I'l'Tlei-tirt'IyT  €bi«Hi 
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exterior  a  delicate  film,  Meyer  believes  Hint  the  coloring  matter 
takes  tlic  form  of  grniiis  of  extreme  minuteness  which  are  ititer- 
Bpcrscd  througli  the  nbole  sulmtatice,  while  TsL-hireh  hol<ls  that 
the  [ligment,  dissolved  in  a  liquid  similar  to  the  ethereal  oils,  is 
ditfuae*!  tlirougU  the  mass. 

171.  If  stai'ch  is  present  in  lai^e  amount  in  chloroplastids, 
iodine  causes  at  once  a  deep  bluish-brown  color ;  but  if  the  starch 
is  not  very  abundant,  tlic  eharnctcnstic  blue  inaction  is  concealed 
by  the  yellow  pnxlueetl  by  the  protijin  reaction  of  the  protoplasm. 
Ileiice  it  is  well,  after  having  removed  the  chlorophyll  pigment 
by  alcohol  and  subsequent  washing  witli  water,  to  treat  the  speci- 
men with  moderately  sti-ung  |>utnssic  hydrate  in  order  to  diesolve 
the  protein  matters.  If  this  has  been  well  done,  and  the  speci- 
men carefully  freed  fiom  the  [)oInsh,  the  protoplasmic  mass  and 
its  imbedded  granules  will  seem  to  have  completely  disappeared  | 
but  the  skilful  use  of  oblique  illumination  will  show  that  an  un- 
dissolved trace  of  something  having  the  former  contours  remains 
behind.  Application  of  io<1ine  brings  out  minute  blue  points 
where  the  granules  were. 

Chloral  hydrate  of  the  strength  recommended  in  53  may 
repla<%  potassie  hj'dratc  in  this  examination. 

172.  The  stareh  iu  chloropbvll  gi'anules  is  sometimes  wholly 
within  the  granule  i  but  it  is  occa- 
sionally—  especially  in  the  case  of 
flattened  granules  —  found  on  their 
exterior,  forming  a  noticeable  pro- 
tuberance. 

173.     When   a    plant    containing 
g  chlorophyll   granules  is  kept  foi-  a 

time  in  darkness,  the  production  of 
starch  is  arrested  ;  and  if  other  forms  of  activity  continue,  even 
that  starch  which  has  already  accumulated  in  the  granules  soon 
disapi^cars.  Furthermore,  the 
color  of  the  granules  is  changed 
from  green  to  yellow  ;  and  if  the  /  1^  -^  / 
change  is  not  arrested  at  this  — maJioi*-^-. 
point  by  bringing  the  plant 
again  into  the  light,  nil  the 
granules  nill  bR-ak  up  and  be- 
ooroe  apparently  mci^ed  in  the  oa 

Fto.  R,  Chlnrnjilivll  p^nule*  nlih  rmitruillne  nurch-graliiB.  From  tbe  cottex  <rf 
FUludcDilnm  Kmndllhliiim.    •)•-    (S<Mmiwr.) 

rio.ta.  JromUisfpI'lermliiorPlillorlemlronpMdlfgliuin.  Tounj cell wim  «niyli> 
|Mto  bodk*  sewly  bmml. 
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tage  in  thin  sections  of  man}-  starch}-  tissues,  by  the  use  of  dilute 
tincture  of  iodine,  wliich  colors  them  more  or  less  deeplj-  3'ellow. 
Millon*s  reagent  colors  them  red. 

Owing  to  the  minuteness  of  the  leucoplasdds,  tlie  following 
explicit  directions  by  Strasburger  will  aid  in  their  detection : 
Make  thin  longitudinal  sections  through  the  up|)er  part  of  a 
young  pseudobulb  of  Phajus  grandifolius,  taking  care  that  the 
cut  extends  to  its  green  surface.  Immediately  place  the  sections 
in  an  alcoholic  solution  of  iodine  diluted  with  one  half  its  volume 
of  water.  (Picric  acid  ma}'  be  advantageously  used  instead  of 
the  iodine  solution.)  In  good  preparations  the  leucoplastids  will 
be  seen  in  the  inner  part  of  the  section  as  small  staff-shaped 
bodies  which,  at  the  first  glance,  appear  to  be  homogeneous,  but 
are  afterwards  rec(^nized  as  somewhat  granular  in  structure. 
The  section  is  next  to  be  examined  nearer  its  outer  part,  and  it 
will  then  be  seen  that  the  l)odies  there  possess  a  green  color, 
are  larger,  and  lenticular  in  form.  They  are  also  plainly  porous, 
their  increase  in  size  being  apparently  associated  with  a  spongi- 
ness  of  their  substance.  Their  size  diminishes  towards  the  outer 
cellular  layers,  they  Ixjcome  somewhat  rounded,  and  finally  take 
the  familiar  form  of  chlorophyll  granules.  Prismatic  colorless 
protein  crystals  are  frequently  associated  with  these  bodies. 
In  sections  which  are  placed  in  water,  the  leucoplastids  disap- 
pear alhiost  instantaneously,  and  even  the  chloi-ophyll  granules 
soon  begin  to  disorganize,  while  the  swollen  protein  crystals  then 
appear  as  colorless  parts  of  the  latter. 

In  the  rhizome  of  Iris  Germanica  the  sections  for  examination 
must  be  taken  parallel  to  the  surface.  In  uninjured  cells  the 
leucoplastids  appear  as  collections  of  protoplasm  at  the  end  of 
each  starch-granule.  If  the  section  is  in  water,  the  leucoplastids 
become  granular  and  finally  break  up  into  minute  granules  which 
show  the  Brownian  or  molecular  movement.^ 

ChromoplaMida^  or  the  color-granules  which  occur  abundantly 
in  fiowers  and  fruits,  will  be  si>ecially  treated  later. 

175.  Protein  grannies.  The  protein  matters  in  plants  have 
been  divided  into  two  classes:  (1)  the  active^  such  as  active 
protoplasm,  the  nucleus,  etc. ;  (2)  the  reserve^  which  can  change 
their  dormant  condition  and  become  active  when  occasion  de- 
mands. Inactive,  amorphous  protoplasm,  as  it  sometimes  exists 
in  certain  colls,  where  it  is  simply  a  tough  shapeless  mass,  does 
not  need  further  consideration  at  present ;  the  reserve  matters 

*  Strasburger:  Das  botan.  Practicuin,  1834,  pp.  67,  68. 
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examined  hein<;  those  tviiicli  take  tlie  Torm  of  n 
|ps9  regular  graius.     These  wliicli  otv  known  na 

176.  Protein  grannies  may  be  either  indeiK-nilent,  oi 
ciat«'l  vrith  otliL-r  8nl>Atnnt.'es.  !n 
nearly  all  cnsra  llicy  are  more  or 
less  solnble  in  water,  ami  hence 
re(]nir«  s]>edal  trralment  for  tlmir 
satixractory  examination.  Colls 
euppoaeH  to  conlnin  them  may  be 
plaoeil  for  examination  in  any  fixed 
oil,  and  tlii;  granules  will  remain 
iintliange').  A  more  practicable 
melboil  of  treatment  is  snggested 
by  ITelfLT ;  namely,  to  subject  the 
grannies  to  the  action  of  an  alco- 
holic iohition  of  niorenric  chloride, 
liy  wbifli  Uiey  »re  rendered  insoluble  (aco  63).  The  solution 
is  made  by  dissolving  one  part  of  mercuric  chloride  (corrosive 
aablimate)  in  fifty  parts  of  absolute  alcohol;  in  this  solution 
Uie  ttiiti  sections  of  aeeils,  etc.,  suspeeted  of  containing  pro- 
tein  granules,  must  lie  kept  for  at  least  twelve  hours,  I'ljon 
reuioviil  to  water,  after  this  peiiorl,  they  remain  substantially 
unchanged.  The  precaution  must  be  taken  not  to  touch  with 
any  metal  llie  sections  after  they  have  l)een  placetl  in  the 
mercuric  chloride  solution. 
They  mnst  be  removed  by  a 
camelVhair  brusli. 

177.  The  piiitoin  matter 
of  which  pTOlein  grannies 
consist  niny  l>c  wholly  with- 
out dunnite  shape,  or  a  por- 
tion may  assume  somewhat 
the  form  of  crjstals.  The 
latter  have  been  called  pro- 
tein crystals  or  crystalloids,  and  tliey  ai-c  generally  associated, 
in  the  granules  of  which  they  form  a  part,  with  inorganic  matters 
either  amorphous  or  oryslalline.  Hence  in  some  protein  gran- 
ules we  have  to  distinguish  between  tlie  inorganic  contents,  the 

Via  11.  CellB  tWim  miylwlmm  nf  V!r1«  «»ll<ii.»h<n>lna  pmlvlM  tB«lleni  In  ■  Biwly 
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protein  crjBtal-like  Ixxiies.  and  the  protein  basis  or  Btrotn&  In 
which  nil  uT  theee  ai¥  held. 

Thp  protein  \msie  somctioies,  if  not  always,  opiiears  to  consist 
of  two  HiiljBinucoB,  ditTei'iiig  in  tlicii'  soluliiltly  in  water,  and  tom- 
niingled  as  graniilose  and 
celluloBc  arc  in  starch- 
granules.  While  the  pro- 
tfin  linsis  is  generally  very 
soluble  in  water  (not  yer 
*  ^  «e,  but  owing  to  the  pres- 

eneo  of  [MtasBic  phos- 
phate), tlie  protein  crystals  are  insoluble,  or  only  slightly  affected 
by  it,  usually  becoming  more  or  less  swollen.  After  solution  of 
the  prolein  basis  has  taken  place,  a  delicate  membrane  is  left 
behind,  and  through  this  transparent  film  the  protein  ci'ystnls 
are  clearly  seen.  The  relative  ainounls  of  protein  b.isia  and 
protein  crystals  varj' widely  !  in  some  cases  tlio  fonner  appears 
to  l»e  wanting,  ihe  bitter  wholly  filling  the  inteiior  of  the  mem- 
brane.    Such  erysLils  appear  in  potato-tubers  in  the  form  of 


small  cubes.  Protein  cr\stals  of  guat  bniiti  are  easily  dem- 
onstrated in  the  endosperm  of  the  common  Brajfil-nnt  (Ber- 
tholletia).  Very  inBtmctive  phenomena  are  presented  when 
different  sections  of  the  seed  arc  subjected  to  Ihe  following 
reagents;  (1)  osmic  acid  (one  per  cent  solution) ;  (2)  hiematoxylin 
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in  concentrated  glycerin;  (3)  eoncontrnted  potassic  hydrate, 
water  being  added  afterwards.  Perinaueiit  preparationa  of  pro- 
tein crystals  can  be  made  by  first  acliiig  ou  llio  section  witli 
mercuric  chloride  for  a  day  or  more,  washing  in  water,  staining 
witli  eosiu.  and  finally  mounting  iu  jiotaasic  acetate  (101). 

The  inorganic  mattei-s  associated  witii  ttic  protein  crystals 
in  protein  granules  are  eilbor 
(1)  amorpUona  or  globular  con- 
cieUons  of  a  double  phosiihate  of 
calcinm  and  magnesium,  known 
aa  glohoiJit,  or  I'i)  crystalline 
clustera  of  calcic  osalale. 

The   protein  grannies,  cspc-  „  ^i 

cially  tlioae  which  are  most  com- 

l)les  in  Uieir  composition,  are  also  known  as  Aletirone  grains. 
TIte  protein  crystals  are  generally  termed  cri/ntalloiJs.*  For  an 
analytical  classtficalion  of  protein  granules  in  seeds,  see  pages 
182  and  183. 

178.  8Urch,  the  principal  form  in  which  the  elaborated  food 
of  plants  is  held  iu  reBe^^■e,  occui-s  as  minute  spheroidal  or 
poljliedral  gi'auutes.  Under  a  suf- 
dcieiitly  high  [Kiwer.  and  with 
projjer  management  of  the  mirror 
of  the  microscope,  Ihe  single  gran- 
ules ex  hi  lit  t  an  appearance  of 
stratilication  which  is  sometimes 
very  distinct,  but  more  commonly 
obscure;  in  the  latter  caae  dilute 
chi-omic  acid  can  be  used  to  ren- 
der the  stratiQeation  [ilainer.  The 
layers  of  stratification  are  ar- 
ranged around  a  point. — often  very  eccentrically,  as  in  potato 

•  Tlie  fspt  thnt  protein  iTystals  bm-e,  aa  ]i  rule,  less  iigtiBtancy  in  their  angles 
than  inorpinic  crj'alulB,  taken  togiriher  with  the  tnet  of  tlieir  Bwflling  when 
itniaeraol  in  wnu-r,  Ima  Ird  sulhors  to  spenk  of  them  as  EiyiiaHaMi  mlher  thim 
w  rryKtiilg.  But  Famintnn  liua  rwentlj-  shown  thnt  certain  ciyatnllina  forms 
UtiGdiUy  pTodawil  obscnra  thew  ilipitincrions,  stace  they  aerve  niore  closely  in 
KHiie  of  their  physii'^1  chnmrt''r«  with  orgsnic  ntniftnrea  thnii  «nlli  ordinwy 
inoTfpinii:  crystuU  {Ber.  di;i'  ilentnuh.  buL  Ovsellsch.,  18St,  p.  33). 

Fid.  la  a  cell  (Wim  nntmeK  lytng  In  oil.  In  the  sTonnd  nw»  itra  rtrj  i-nimniin 
etyOAla  nl  tat.  Some  of  tlie  erannlei  sre  campnqnil  Bturph-KranuW.  bat  oClien  ara 
prulsln  [rantiles  uriHi  crretiLtlulils.     The  rbomblc  gnuinle  has  liatilly  uijr  eiiTslop*^ 


Flo  W.  r.lohnl.ln  nf  VliH  vlnlferB.    ■;" 
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etari'li,  or  with  great  regular- 
ity, &sin  wlicat.  Ttiis  iwint  is 
known  as  the  nudeus,  or  liiliiin. 
If  tn-o  ur  more  imulei  are  dis- 
cernible, Ibe  grauule  is  said  to 
Ih'  (.'omgmiiDd. 
j3  Ut'casionally  many  small  sin- 

gle granules  cohere  slightly  to 
form  an  ^^regate  whioU  ran  bo  easily  broken.     According  to 
Wiesner,  there  may  be  as  many 
as  30,000  granules  iu  a  single 
aggregate  of  this  kind. 

Both  simple  and  eompouml 
granules  may  occur  in  the  aunie 
cell,  but  aome  plaiits  have  only 
Biiiiple,  and  others  only  cojn- 
pound  granules.  Canna  and 
Cnrcnnia  may  be  cited  as  esam- 
ples  of  the  former;  Jatrojiha,  of 
the  lntt«r. 

Since  slflfth  occurs  in  every 
plant  in  all  stages  of  development,  tlie  size  of  the  grnnulca  must 
be    esti-emely    variable.      Nevertheleaa,    a 
statement  of  the  more  common  limits  may 
lilt  in  their  identification. 

Wiesner  gives  the  following  limits  of  size 
for  sutne  of  the  more  common  sorts  of  starch, 
fli'st  grouping  them  into  small,  niedium,  and 
large  granules. 

Small  granules  (from  0.002  to  O.Ol.i  mm.) : 
as  the  simple  grauiik-a  of  rice,  oats,  buck- 
wheat ;  also  the  smaller  grannies  of  wheat,  rye,  barley,  etc. 

Medinm  grnnules  (fnim  0.02  to  0.05  mm.)  :  as  the  compound 
granules  of  rice  and  oats,  the  latter  ones  of  wlieat.  rye.  and 
barley,  the  simple  granules  of  Indian  com,  and  of  tlie  common 
leguminous  plimts. 

Large  granules  (distingiiishnble  as  grannies  to  the  naked  eye)  : 
fta  the  simple  granules  of  Curcuma  leucorrhiza,  Canna  edulis, 
potato,  etc. 

Flo.  23.  aiitmh-iironulM  lYnm  tha  ImTb  nf  Fhnjin  Knui'llfr>1lii>i.  >hn«ln|[  tbs  nn- 
«len>  M  th>  upper  part  tnd  the  uttrcli  jencratflr  or  amylogBnlc  bocly  below.    •(». 
(Brliin.per.1 
Fia  II.  CeUt  ham  potiCn-lnher.  ntioninf!  atan^h-jpannln     (ficlialdl  ] 
Fm  la.  Slarcli-fTanBla  tron  wnaparllt*.    (BaiiiBit  SduuUt.) 
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Slxirdi  ia  insoluble  in   cold  water,  but  forms  with  boiliog 
water  a  paste  in  whioh  all  trac-es  of  structure  are  lost.     If  a 
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Hpecimen  of  atarcli  be  gently  heated  with  water  upon  a  glass 
elide,  the  granules  will  lie  seen  to  anell  at  a  teiiii>crature  of 


a       9 
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W-flO"  C,  and  ttic  appearance  of  stratification  will  often  be- 
come plainer.    The  atkaliea  and  oiioeral  acida  gencmlly  hasten  the 


no.  IB.    Slarrb-crnniilH  nT  wIiebL  Fio.  !». 

no.JT.    Sl.irrl>-»friiniilHic.riiiiliiinaJni,     Fio.  an. 

tM.  99     Slareh-mnnni™  nf  MifnnU  (sirnw-nvrt) 
Pia.  tX    SlarclMtruialoi  oT  IVitDiirlil  lUhilt  arrnw.rn.il). 
Flo.  St    SMrcli-Ennnlei  nT  TIcU  mUtk,  Tar.  leucuapflnna. 
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formation  of  etardi-pantci  ami  hring  alxmt  some  other  changing, 
suuL  aa  ila  L»nveraiun  into  soluble  niatU-re. 

179.  t^tai'uli  13  usually  said  U>  havo  tlie  following  composition, 
CgH,jO„  and  these  |»roporlioiia  arc  doiilitless  correctly  stutcd; 
but  it  is  {irobablt:  that  the  molecular  cun&titutiun  is  move  com- 
plex than  this  formula  would  indicate.' 

180.  I^'hcu  stardi  is  acted  ou  by  saliva  or  jiepsiD,  it  is  elonly 
separated  iuto  two  substances,  one  of  nhidi  passes  into  soluLioo, 
while  the  oilier  remtuns  as  a  skeleton,  and  with  little  change  of 
form.  Tills  delicate  framework,  which  remains  atter  the  soluble 
matter  is  removed,  is  closely  related  to  cellulose,  na  shown  by 
its  behavior  with  reagents,  and  haa  received  the  name  of  starch 
ceUuJose.  The  substance  which  is  removed  by  the  action  of  saliva 
is  termed  ffranuloee. 

181.  Wiicn  start^h  is  not  associated  with  too  large  a  pro|xir- 
tiou  of  protein  matters,  it  can  always  be  deteeted  by  the  blue 
color  which  it  takes  with  iodine  in  solution  ;  but  if  iiroti^in  sub- 
stances are  present  in  considerable  amount,  they  may  obscure 
the  reaction  bj'  the  yellowish  or  brown  color  which  iodine  im- 
parts to  them.  Iodine  does  not,  however,  always  produce  a  Mue 
color  witli  starch ;  the  shade  may  vary  towai-ds  red,  fiiruiing  a 
purple  which  may  lie  iilmost  black.  Furtbermoro,  as  the  tran- 
sient color  given  by  this  reagent  fades,  it  may  pass  tlirongh 
various  tints  of  orange  and  yellow. 

Protein  matters  whicli  mask  the  starch  reaction  may  be  re- 
moved by  careful  treatment  of  the  sjwcimeii  with  [wtassic  hy- 
drate (not  loo  eoneentratfid],  and  subaequent  washing  with  pure 
water.  After  such  treatment  it  sometimes  happens  that  the 
stanch  appears  as  a  dilfused  mass  instead  of  in  minute  dots. 

182.  When  starch- granules  are  seen  in  polarized  light  they 
generally  exhibit  two  crossed  lines  which  appear  to  turn  as  the 
Nicol  prism  is  revolved.  Many  kinds  of  starch  give  under  tlie 
polarizer  characteristic  figures,  many  of  them  of  great  beauty. 

183.  Innlln,  although  oeeurring  iu  solution  in  cells,  is  never- 
theless thrown  down  in  characterbtic  furms  by  means  of  the 
presen'ative  media  nluohol  and  glycerin,  anil  can  l>o  examined  as 
a  solid.  If  the  root  of  Dahlia.  Ilclianthus,  i>r  any  of  tlie  cora- 
moD  ComposiUG  which  store  up  tlicir  food  in  fleshy  underground 
parte,  be  siibjeclcil  to  the  action  of  alcotiol  fur  a  few  days,  thin 
Bectious  will  exhibit  in  the  cells  peculiar  masses  of  a  spheroidal 

r,  givn  the  fiinuula  for  Btarr'h  us  tollowii :  CmHmCu- 

iniaaderStarkrgruppe,  1871. 


Ot'caaitmally 


rorm  nliicb  are  dieliiiclly  riuliatiiig  i 
those  niassc9  have  lai-gc  rifts  wbLL  ru 
sphere. 

In  composilion,  imiliii  dosely  resembles  starch,  hut  does  not 
give  any  color  with  iodine.  To  ile- 
tcet  it  when  in  solution,  it  thin  sec- 
tion of  the  plant  conluining  il.  \3 
mobtcnerl  on  the  glass  ali<lc  with 
abgolut«  alcohol,  when  a  clondy  pie- 
cipitate  will  at  onco  appear;  in  a 
short  timu  (the  supply  or  aleobol 
having  been  replenished  as  it  evap- 
orates) tlie  siiecimcn  grows  cleai-er, 
and  small  aphierocrysUiIs  or  innliii 
am  seen.  If  now  ibo  specimen  is 
carefully  washetl  with  water,  11  le 
smaller  graiinks  disappear  and  Ibe 
well-deftned  remain. 

IRt.  The  carbobfdrales  dlssolred 
Id  tbe  (wll-xup  may  In'  grouped  in  two 
classes:  (I)  those  whieli  are  iaomora 
of  cellulose  (i.  e..  have  the  s.tiiic  per-  ™ 

oentoge  com[J09ition.  CuH|„Oj),  and  (2)  the  sugars, 

1.  The  isomcis  of  cellulose  are  mucilage,  gums,  and  dextrin. 
All  of  which  ai-e  probably  ilcrivatives  of  starch.  Various  sub- 
stances intermediate  between  them  have  liei;n  described,  but  Iho 
above  arc  all  that  necil  now  Itc  taken  into  account,  (u)  Mucilage, 
when  not  |)laiiil,v  resulting  from  tlic  breaking  up  of  the  cell- 
wall,  is  colored  red  by  rosolic  acid,  and  the  color  is  not  readily 
removed  lij'  alcohol.  (A)  T/ie  ffnms,  of  which  cherry  gum 
may  be  Uiken  ns  ac  example,  arc  not  tingetl  by  rosolic  acid, 
(c)  Dextrin  can  Ih!  detccaed  ly  Ti-ommer's  test,  which  Sachs  a|>- 
plii!S  as  follows :  a  section  wliicli  is  at  least  a  few  cells  in  thick- 
ness is  placed  in  a  porcelain  capsule  with  a  strong  solution  of 
cnpnc  sulphate,  and  the  liquid  is  heuled  to  lioiling ;  the  s[}ccimen 
is  then  washed  in  water,  and  dipjwd  at  once  in  hot  |K>tB8aa. 
If  the  cells  contain  either  dextrin  or  grape-sugar,  tliere  will 
imiuediaU'ly  appear  a  reddish  precipitate.  To  discriminate  be- 
tween dextrin  and  graiw-sngar,  it  is  merely  necessary  to  keep 
portions  of  the  plant  to  lie  examined  lu  !I0  or  05  ]K'r  cent  alcohol, 
which  will  dissolve  out  the  sugar  and  leave  the  dextrin,  if  any 
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ir  >)i^3tAtUL     f/Miallj  all  the  gra|>e-8ugar  is  extracted  in  a  day 

z.  Tfi^,  ttu^jarn.  fjra|>e-8ugar  has  been  just  referred  to  as 
j^i  .u;^  ^.Mr  %^\Mz  reai:tiofi  as  dextrin  with  Trommer's  test.  Its 
J^^^Wt^v;^  U  ^'Jf  ,0^.  Caiie-ftiigar,  wiiith  has  the  formula  C„Hj,0,p 
^iti-rae  ttt$  u-A  \fU't'\\}\\Jik\Ai  with  the  same  test,  hut  the  liquid  in  the 
4ji:J;U  Si^'MAM':^  hH^ht  hluc,  uud  quicklj  diffuses  into  the  |X)tassa.^ 

I  '^/*t,  l'f7iiUl«  are  of  such  general  occurrence  in  widelj'  differ- 
etit  onUfrn  of  the  higher  plants,  that  there  are  perhaps  none 
iu  irhMrb  thev  may  not  \n:  detected.  They  have  been  found  in 
iMfarly  all  |/atlH  of  the  vegetable  structure,  more  commonly'  in 
iikii  Interior  of  |mrenchyma  cells,  sometimes  in  specialized  crjs- 
Itti-receptackrs,  oecaAioually  in  the  ver}'  substance  of  the  cell- 
nali.  They  oe<.iir  either  singly  or  in  groups ;  either  sepai*ate  or 
l^iely  cijhereiit,  or  in  various  degrees  of  combination. 

When  nolitary  and  simple  they  are  usually  octahedra  or 
|/rUtiis,  and  their  nggregations  are  combinations  of  these.  Good 
octahedral  cryHtalM  are  afforded  by  the  [)etioles  of  Begonia; 
exanjph'H  of  the  prisinatic  form  are  found  in  the  outer  scales  of 
onions,  in  orange  leaves,  in  the  inner  bark  of  maples  and  apple- 
trees,  and  in  mont  of  the  tiHSues  of  iris  and  its  allies. 

When  the  prlHiuM  are  very  long  and  slender  their  angles  and 
fa('4>s>  ure  HoAiUnu  well  defined.'  Indeed,  the  most  attenuated 
forms  are  Uhiiully  U;r(tt4*,  or  slightly  flattened,  and  taper  gradually 
to  a  point  at  both  omU.  To  these  Do  Candollc  long  ago  gave 
tiie  nanie  JiaphidcH^  —  that  is,  needles.*  These  are  generally 
massed  in  a  compact  bundle,  like  a  wheat -sheaf,  occupying  a 
large  part  of  the  interior  of  the  containing  cell. 

Uaphides  are  by  no  means  of  such  general  occurrence  as 
are  ordinary  crystals,  but  (as  Ciulliver  has  |x>inted  out)  ai*e 
seenungly  reHtricted  to  certain  orders.*  They  are  universal  in 
AraceHi  and  Onagraeeie.  In  the  common  Arums  and  Callas, 
raphides-bearing  cells  may  readily  be  found  in  the  parenchyma 


1  Piingsheim'i  Jalirb.,  iii.  p.  187.  In  the  Sitzungsber.  d.  k.  Akad.  Wiea, 
for  1859,  Sachs  lias  given  colored  Hgurea  illustrative  of  these  reactions. 

*  When  the  loiignr  priHnis  are  clearly  defined,  they  ore  i-eferable  to  the  mono- 
clinic  Myntcm.  Mcaniin'nH^ntM  of  angles  are  given  by  Holzuer,  in  Flora,  1864, 
|).  21)2.  A  iMi|»er  by  Bailey  (Ara.  Journ.  of  Sc  and  Arts,  vol.  xlviii.,  1846, 
p.  17)  (iliio  contains  detonninutions. 

«  Organogruphie,  1827,  ]>.  125. 

*  (iuUiver  luiii  exnniincd  i-epn'sentative  plants  of  all  the  more  important 
onlers  of  the  Hriiiiih  Flora,  with  res])ect  to  the  occurrence  of  diagnostic  crys. 
Uls  (Anuttls  ttud  Magazine  of  Natural  History,  1863  to  1867). 
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of  the  leaves,  qikI  dctacbed  entire;  on  becoming  tnrgid  wlieii 
welled,  Uiey  will  usually  disdiai^e  Uidr  rapliides  one  by  one 
fi-oin  one  or  IkiIIi  ends  of  the  cell  until  the  bntnUe  is  almost 
esbausteil-' 

1S6.  When  tbe  ordinary  oct;ibi'iirai  or  [msmotif  erysluls 
are  nggi'egaled  or 
combined,  lbe\ 
generally  coni|)ost 
»  spherical  mast 
Such  aggreg  I 
tious  are  of  tnu 
pi'incijial  types 
(1)  tbose  msdi. 
np  of  many  small 
cry  stub  iiregul  al- 
ly grouiJeil,  and 
usually  1 1  resenting 
stuir|i  jwinis  over 

tbe     surface ,     as  :sg         A 

in  Fig.  3Gu;  (-2) 

those  with  a  distinctly  riidiated  Btrncture  (Fig.  Sfii).  Good 
examples  of  the  former  aie  abundant  in  the  foliage  of  Cbenopo- 
diacece  and  the  stems  of  Cactaceie.  Clusters  belonging  to  tlie 
latter,  or  stellate,  type  arc  not  uncommon  in  Malvaecie.  Both 
forms  have  been  termed  SphiBrophidna*  and  Spfiere-cr;/»talg. 
The  term  cijKtolUh,  sometimes  improperly  ap[)]ie<l  to  tliem, 
should  be  wholly  restricted  to  the  peculiar  bodies  described  on 
page  40. 

187>   Owing  to  the  mechanical  diffleiilty  of  isolating  plant- 


*  Turpia(Annfl]«des3c.  not.,  i^r.  3,  tome  v.,  I83S) described  the  rnphidei- 
bearing  teWn  of  Cukilkuiu,  in  whiub  tliis  diaclinrge  takes  [ikoe,  under  the  nuna 
ef  bi/orintn. 

*  "They  Me  most  irregularly  leattsTciI  through  the  tisaar^  of  the  plant. 
...  I  have  u«rer  Ituled  to  Rail  tiieni  in  a.  sinxle  upeoieH  of  the  ordvr  Curyo- 
phylhicDBB,  Gonmiacen,  I.ylhnicefB,  Saxifrnpu-rac,  and  Urlicnceie,  ami  belipv* 
that  fuw  if  anji  ordcni  voiiM  be  named  in  which  sphnraphides  do  not  exist  as 
part  and  jiorcel  uf  tho  liralthy  nnil  EToMing  atrueturo  of  Iha  jilaiit "  (Gulliver, 
iu  Annals  and  ilagarine  of  Nutural  History,  vol.  xii.,  1883,  p.  227). 

Via.  X.  The  mere  Iminrtiiiit  fornu  nf  etynliilji  of  caMf  nialnle:  a.  tlirw  Lflls  frnin 
ttw  pctlule  at  Bugonlii  manicnra:  b,  fTnni  tlis  l»r  at  Tnulnean 
d,  trom  llw  leaf  of  AlllulD  CcpBi  >,  (him  U>e  inner  hark  nf  ^huIi 
/.  Crom  tliu  leaf  nf  Cyciu  n'nlnln;  j;.  ■ 
Lanna  irlnntca:  *,a  ilnRTe  ciyilal  ft-jm 
aiTfUirMiiirLaltiucaBlniia.    (Knjr.) 


lUpp-KaMiiiin 
Inlng  raplilden,  frnm  the  frmul 
nore  kiglilj  mainlllod;  i,  aiilui 
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ciTstals  for  examination,  their  chemical  composition  has  not  jet 
been  determined  with  certainty  in  all  cases.  That  a  protoplas- 
mic film  usually  envelops  both  solitary  and  aggregated  crystals, 
can  be  shown  bj*  the  methoil  pointed  out  by  Payen ;  *  namely, 
by  dissolving  the  crystal  slowly  in  very  dilute  nitric  acid,  and 
testing  with  iodine,  when  the  film  will  become  yellowish-brown. 
It  has  also  been  made  out  beyond  question  that  some  crystals 
have  a  considerable  admixture  of  cellulosic  matter,  and  that  a 
few  others  are  covered  by  a  membrane  of  cellulose.*  But  these 
two  substances  do  not  obscure  the  chemical  reactions  in  ordinarv 
cases,  by  which  it  has  been  shown  that  the  larger  number  of  crys- 
tals consist  of  calcic  oxalate,  after  which,  in  frequency  of  occur- 
rence, comes  the  carbonate  of  the  same  metal.  These  two  salts 
can  be  easily  distinguished  from  each  other  by  the  following 
simple  tests :  — 


Reagent 

Calcic  Oxalate. 

Caldc  Carbonate. 

Acetic  acid. 
Hydrochloric  acid. 

No  effect. 

Dissolves  without  ef- 
fen'esoence. 

Dissolves  with  eirer- 
vescence. 

Dissolves  with  effer- 
vescence. 

Since  these  two  salts  may  occur  in  the  same  specimen,  it  is  best 
to  use  acetic  acid  fii*st ;  by  this  agent  all  traces  of  the  carbonate 
are  removed,  and  hydrochloric  acid  can  then  be  applied  in  order 
to  detect  the  presence  of  oxalates.  Sanio*  and  Holzner  have 
shown  conclusivel}'  that  man}'  crystals  which  have  been  supposed 
to  be  calcic  carbonate  consist  merel}'  of  the  oxalate. 

Crystals  of  calcic  sulphate  have  been  reported  as  occurring 
in  certain  Musacea?,*  in  the  bark  of  the  willow,  in  the  roots  of 
aconite,  br3'on3',  and  rhubarb ;  and  also  in  the  root  of  a  young 
bean.*    Calcic  phosphate  is  said  to  have  been  detected  in  the 


^  Payen  :  Mdm.  des  savants  Strangers,  ix.,  1846,  p.  91. 

«  Rosanoff  (Bot.  Zeit.,  1865,  1867).  Crystals  in  pith  of  Ricinus  and  Kerria. 
Pfitzer  (Flora,  1872),  crystals  in  the  leaves  of  orange  and  the  bark  of  many 
trees. 

Hilgers  has  investigated  the  occurrence  of  crystals  at  different  periods  of 
growth  of  different  organs.  From  his  results  it  apjwars,  (1)  that  in  the  veiy 
youngest  parts  no  crystals  are  to  lie  found  ;  (2)  they  appear,  however,  very 
early  in  most  parts,  and  (3)  speedily  attain  their  maximum  size,  after  which 
they  undergo  no  change  {Fringsheim*s  Jahrb.,  vi.,  1867,  p.  285). 

•  Sanio :  Monatsber.  Berliner  Akad.,  1857. 

•  Van  Tieghem  :  Traits  de  Botanique,  p.  526. 

•  Sitzungsberichte  der  Wiener  Akad.,  xxxvii.,  1859,  p.  106. 


[ 
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wood  of  Tectona  grandia  (Indian  Ttak).'  Holznei'  ases  the 
following  rcftction  to  detect  caldu  sulphate  :  a  solution  of  baric 
chloride  (not  too  content  rated)  is  brought  into  contact  with 
the  crystal  under  exauiinatioii ;  cak-ic  sulphate  soon  becomes 
covered  with  a  whitish  deposit  of  baric  sulphate.  This  test 
failed  to  show  tlic  presence  of  calcic  sulphate  in  tlie  plnnt- 
crj-Blals  hitherto  referred  to  this  salt;  tliey  all  gave,  however, 
the  reaetiou  fur  the  oxalate. 

188.  Crystals  closely  resembling  in  most  respects  those  which 
are  found  in  cells  can  bo  produced  by  Vcsqne's  method.'  Three 
Icst-tubea  are  placMl  side  by  side :  in  Uio  first  is  a  moderately 
strong  solution  of  calcic  chloride;  in  the  middle  one,  a  five  per 
cent  solution  of  sugar;  and  in  the  third,  a  solution  of  potassio 
oxalate.  From  the  liquid  iu  the  Brst  to  that  in  the  second  a 
short  strip  of  liltering'pa|>er  runs,  and  n  similar  strip  passes 
from  the  second  to  the  third  test-tube ;  and  thus  the  liquids  in 
tlie  three  tubes  are  brought  hito  indirect  contact.  Cr3'stals  will 
be  formed  in  the  miildle  tube,  their  charactci"  degiending  ui>on 
the  nature  of  the  liquid  there.  In  a  solution  of  sugar,  raphides 
arc  pnxluced  ;  in  pure  water,  prisms  of  small  size,  but  with 
sharply  defined  faces  and  angles. 

I8i).  According  toSouchay  and  Lenssen.'  monoclinic  ("Cllno- 
rhombie")  crystals  of  calcic  oxalate  containing  two  equivalents 
of  water  are  pi-odnced  upon  quick  precipitation,  while  by  very 
slow  action  right  octahcdra  with  six  equivalents  of  water  are 
formeil. 

A  few  works  of  reference  are  the  following :  — 

tlouu  PHliriplM  nl  the  AnitoEay  unit  Pliysiolo}^  or  ihe  Vegetalils  Cell. 
TrtoaUldl  by  Heatny  ( Londou,  ISS2).  An  ot'lavo  of  133  pngrs.  Tbii  is  an 
excellent  ttniulation  ot »  clwiucal  nnrlc. 

UoFueixrcu.  Die  Lolire  ron  ikr  raiinzFiii«I]i'([«ipng,  1667).  An  octara 
of  367  ti>S^-  TliQ  vdIuriu  treats  very  Tully  a!  the  iihyaical  proportias  of  pro- 
to|jU9m. 

EsBRNATBK.  Phyiiologuftip  Chemie  Act  Pflnn»n  (Derlin.  1SS2).  This  is 
tilt  Ant  volume  of  an  eijieusivo  work  which  drala  vriUi  llie  ruluUous  of  plauLs 
to  Mill  and  climat«. 

Hu-aEXANN  und  Ilicocn.  Dis  pnaozcn^taOe  (DciUd,  18S2},  Tito  Ui^ 
volumes.  It  lioa  very  extensive  ivforencci  to  llie  litursture  of  tlie  subject,  and 
most  of  its  ah«tn>ctB  are  excellent 

>  Flea:  NnturkaiKlig  TijischriTt  voor  Ned rluidsth- Indie,  1838,  p.  3*5. 
Qoolcd  from  IloUaipr. 

■  Flora,  18S4,  p.  aS3.  This  commntiication  eoDtains  a  good  abalnut  of  tlia 
UteratUTQ  it  ploiit-erystala  iii>  to  1302. 

*  Ann.  dM  S(^  nnt,  s^r.  5.  lumc  xix.,  1871,  p.  300. 

*  Anmilen  d«r  Chemie  und  Pliannocie,  c.,  ISSS,  p.  ^11, 


CHAPTER  IL 

CKUM    IN   THEIR    MODIFICATIONS    AND    KINDS,    AND    THE 

TISSUES   THEY   COMPOSE. 

190.  WniLR  cryptogamous  plants  of  the  lower  grade  may 
coiifiiMt  of  single  cells,  or  of  a  series  or  stratum  of  simple  and 
undifferentiated  cells,  pbsenogamous  plants,  although  equally 
simple  and  homogeneous  at  the  initiation  of  each  individual, 
develop  into  a  more  complex  organization,  at  an  early  period 
differentiate  some  of  Iheir  cells  into  peculiar  kinds,  multipl}'  the 
kinds  into  tissues  or  fabric,  and  of  these  build  up  the  organs 
and  (mrts  which  arc  familiar  in  ordinary*  vegetation. 

191.  The  mioroscropical  stud}'  of  the  parts  even  of  a  single 
herb  or  tree,  and  much  more  that  of  a  variet}'  of  plants,  reveals 
numerous  forms  or  kinds  of  cells,  and  also  (as  might  be  expected 
ft'ou)  their  common  origin)  bnngs  to  view  series  of  gradations 
between  the  kinds,  sometimes  even  l)etween  those  which  are, 
upon  the  whole,  widely  differentiated  from  each  other.  While, 
therefore,  a  general  classification  of  the  cells  of  an\'  ordinary 
plant  into  kinds  is  easy,  an\'  classification  which  shall  satis- 
factorily exhibit  our  pi^esent  knowledge  of  the  histolc^cal  ele- 
ments, and  discriminate  their  varieties,  is  ver}*  diflScult,  if  not 
at  this  time  practically  impossible.  At  least,  it  must  be  said  that 
the  most  recent  classifications  are  based  upon  considerations 
of  a  character  too  recondite  and  special  to  be  mastered  at  the 
beginning  by  an  ordinary*  student. 

192.  The  most  general  and  obvious  division  of  the  histological 
oom|K>nent8  uf  a  stem,  root,  or  leaf  would  be  into,  (1)  funda- 
mental or  typical  cells,  and  (2)  transformed  cells.  The  firet  are 
those  in  which  the  nonnal  cellular  character  persists  without  pro- 
ft>und,  if  any,  alteration  or  disguise  ;  as  in  the  pulp  of  leaves,  the 
pith  of  stems,  and  in  a  portion  of  the  bark.  The  second  are  those 
which  assume  or  affect  lengtheneil  or  fibrous  forms  and  a  longi- 
tudinal development  (at  least  in  all  axes,  and  c*ommonly  in  leaves 
and  other  expanded  organs),  and,  combined  into  threads,  fasci- 
cles, bmidles,  or  more  massive  structures,  constitute  the  frame- 
work, which  imparts  solidity  and  strength  throughout.     Some 
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of  these  cells  are  so  Inng  in  proportion  to  their  breadth,  and  of 
Bucli  diminislicit  t-aiibre,  that  tlic^v  have  naturalh"  been  callotl 
libres.  allboiigli  all  gradations  hetwwn  them  and  ty|iic'al  cells 
nmv  be  di'moiisti'ated.  All  llieso  cells  are  intert-'hangeably 
cnlliKl  woody  Gbrca  or  wood-ci'lls,  and  one  kind  of  them  takes 
the  name  of  bast-cells. 

103,  Otliers  are  of  lai^r  calibre,  are  peculiarly  marked  by 
Uiickenings  on  certain  lines  or  in  c-erlain  patterns,  incline  to  lie 
developed  end  to  end  in  a  chain  or  row,  and  to  become  confluent 
At  the  junctions,  so  as  to  form  conduits  of  oonsidorablc  length ; 
these  arc  called  vessels,  or  ducts.  Vessels  and  fibres  ai-e 
associated  iu  the  plant ;  almost  evei-j-  separate  thread  of  frame- 
work consists  of  !>olh.  and  so  is  called  a  (Ibro-vascular  bnndle  or 
fascicle.  Moreover,  the  known  gradations  between  the  two  are 
Buch  as  to  render  a  complete  distinction  between  tliem  nearly  im- 
practicable !  BO  that  tlicy  form  the  fibi-o- vascular,  or,  when  a 
single  wonl  is  used,  the  vascular  sjstcra.  To  this  system,  also, 
pertain  s^wcially  dilfereutiatcd  cells,  such  as  erib rose-cells,  in  the 
bark,  etc. 

19-1.  All  these  are  developed  in  or  among  the  fundamental 
or  tmtransrurmed  cells,  and  originate  from  the  difi'crentiation  of 
some  of  tliem. 

10.7.  Thi!  fundamental  or  typical  cells  may  therefore  be  said 
to  constitute  tlio  Ihndnineutal  system ;  which  may  also  be  con- 
venienily  called  the  cellular  system,  iu  contradistinction  to  tlie 
vascular. 

195.  In  an  ordinary  leaf  it  forms  all  but  tbe  (Vamework  of 
ribs  and  veins  :  in  the  stem  of  a  dicotyledon,  the  outer  bark,  the 
pith,  and  the  rays  which  traverse  the  woo<l ;  in  tlint  of  a  mono- 
cotyledon, which  generally  has  a  looser  texture  than  the  last,  it 
is  the  common  mass  through  which  the  definite  bundles  of  the 
\-ascutar  system  arc  distributed.  Of  the  fundamental  system, 
the  must  typical  or  nnmodided  cells  arc  such  as  the  chloi-ophylU 
bearing  cells  of  leaves  and  of  the  gi-een  bark  of  stems,  as  well  as 
those  with  nncoloiwl  contents  forming  the  pith,  etc.  Borrowing 
a  word  from  the  old  anatomists,  tlie  early  investigators  of  vege- 
table structure  called  tissues  com|)Osed  of  such  cells  Parenchy- 
ma, (icrhaps  taking  the  iilca  of  the  name  from  leaves  in  which 
the  veins  arc  distribnteil  tlnougli  the  softer  jKirts  as  blood-vessels 
through  the  itarenehyma  of  the  p;lands. 

197.  Parenchyma,  tbei-efore,  is  the  name  of  cellular  tissue 
tn  contradbtinction  to  fibro-vascniar  tissue.  In  its  primary 
sense,  only  comparatively  soft  and  tliin-walled  cellular  tissue 
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t44(4li  tliio  iiHiuii,  and  this  is  indeed  typical  pareiich3'tna ;  but  the 
MHMui  ngi)ll.\  includes,  as  si^ecies  or  varieties,  tbicker-walled  and 
»iM  h  biilidilicd  tissues  c<>ini)osed  of  cells  similar  in  other  res|>ects 
Ui  lliti  t^  1**^*1  11^  those  in  the  haixl  endosperm  of  seeds. 

\UH.  A  counterpart  n:ime,  Prosenchyma^  was  emplo^-ed  to 
dchignate  tissues  Ibrmccl  of  elongated  cells,  such  especiallj  as 
wood-cells  and  Imst-cells.  These  being  usually  thick- walle<l, 
and  those  of  typical  parenchyma  thin- walled,  this  character  was 
brought  into  the  defmition ;  that  is,  cells  of  prosench\*ma  were 
said  to  be  thick- walled  as  well  as  long  and  narrow,  those  of 
parenchyma  thin-walled  as  well  as  isodiametric.  But  this  dis- 
tinction does  not  hold  out  well.  All  fibro-vascular  tissues  are 
tbin-walled  at  first,  and  some  remain  so ;  while  portions  of  pure 
parenchyma  ma}*  become  thick-walled,  firm  and  hard,  or  take  on 
every  intermediate  condition.  So  that  prosenchyma  may  be  best 
held  to  denote  tissue  of  the  fibro-vascular  system,  and  t\*pically 
that  formed  of  wood-cells.* 

199.  An  explanation  of  the  mode  of  production,  multiplica- 
tion, and  ti'ansformation  of  cells  is  deferred  to  a  later  stage. 
8uflic*e  it  here  to  advert  to  the  fact  that  every  phaenogamous 
plant,  ori;:inating  in  the  seed,  Itegins  as  an  isolated  cell,  which 
develops  into  a  globular  cluster  of  parenchyma  cells,  and  grows 
into  the  embrjo  or  rudimentary  plantlet,  taking  on  the  sha|)e  and 
degi*ee  of  development  characteristic  of  its  kind.  In  embryos 
which  are  considerably  developed  in  the  seed,  the  axis  and.  be- 
ginnings of  the  leaves  are  already  outlined  or  rudimentaril}' 
indicated  there ;  in  others  the  indication  takes  place  in  the  early 
stages  of  germination. 

200.  From  this  if  not  from  an  earlier  period  development 
is  no  longer  homogeneous.  A  superficial  layer  of  the  common 
parencliyma  becomes  distinguishable  as  the  epidermis ;  while  in 
an  inner  zone,  or  at  special  i)oints,  certain  cells  develop  into  ducts 
and  wood-cells  (prosenchyma),  and  thus  are  initially  delineated 
the  outlines  of  the  systems  or  regions  which  are  to  characterize 
the  whole  growth ;  namely,  —  taking  a  dicotyledonous  embryo 
for  the  type,  —  an  eindermal  layer,  a  cortical  layer,  a  fibro-vascu- 
lar zone,  and  a  medullary  portion.  As  stem  and  root  develop, 
these  piimordial  tissues  complete  themselves  and  have  only  to 
go  on  gi'owing,  each  after  its  kind  ;  but  at  the  developing  points 
(apex  of  the  stem  and  of  the  root),  as  also  in  special  portions  or 

1  '*  Zu  (lem  Prosenchym  im  wpiteiii  Siune  konnen  wir  auch  die  Gefasse 
zihlen  "  (Na^eli :  Beitrage,  i.  p.  2). 
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sones.  initial  difiTerentiatioii  coDlinucs.  Here  the  uasccnt  tissue, 
consisting  of  parcDvLyina  cells,  uiultiplyiug  by  successive  divi- 
EioDs,  and  also  tlie  nascent  pi-oseuehyuia  as  it  forms  and  wliile 
sLlU  capable  of  furtbcr  division,  has  been  named  Meristern. 

201.  Meiistcin,  Uierefore,  is  not  a  kind  of  tissue,  but  tiio 
nascent  state  or  early  condition  iff  any  tissue.  It  is  developing 
pareuchjma,  citlier  multiplying  as  sucli,  or  dilTereuliating  Into 
elongated  forms,  as  for  instance,  in  canibiuni. 

Leaving  tliu  pi-ocesses  of  cell-ile\clopnieiit  to  be  considered 
nnder  the  bead  of  "Gronlb,"  and  llic  dis|iDsitiun  of  cells  and 
tissues  in  tUe  fabric  to  be  describe<l  under  the  several  oi^ans 
(root,  stem,  leaf,  etc.)  which  tliey  com|)ose,  llic  kinds  of  cells 
are  bcre  to  be  indicated,  without  particular  reference  lo  their 
arrangement  in  the  plant.  In  all  classificntious  of  objects  which 
are  understootl  to  have  been  develoiied  from  one  tyi>c,  interme- 
diate forms  of  almost  every  gradation  are  to  be  espectcd.  It  ia 
specially  so  wiUi  plant-cells ;  and  of  them  it  should  be  said,  once 
for  all,  tliat  the  kinds  which  have  received  distinct  names,  with 
or  without  suflicient  reason,  are  only  types,  or  Icadbig  mudidca- 
lions, — some  of  a  very  marked,  some  of  a  quite  subordinate 
character.' 

202.  Plant-cells  arc  to  lie  deserilwd  in  Ibis  chapter  under  llie 
following  classification :  — 

I.  Cells  of  Uie  fumlamentai  sjstcm,  or  parenchjTna  cells,  — 
permanent  tjpical  cells. 
1.  Pai'cncbynia  cells,  stiiclly  so  called,  including  as  modi- 
fications collenchyma  cells  and  sclerotic  parenchyma 
ccUa,  or  grit-cells,  such  as  the  lignilied  cells  of  seed- 
ooata  and  drupes,  etc. 
S.  £^}idcrmal   cells,  and   their  uiodifications ;  e.  g.,  Tri- 

c  homes, 
8.    Covk-cclLs,  forming  subeixtus  parenchyma,  or  cork. 
IL  CoUs  and  modified  cells  of  the  flbro-vascnlar  system,  —  pros- 
eachyma  in  the  widest  sense, 
1.    Cells  of  prosenebynia  proper. 

a.  Typical  wood-cells  and  woody  fibres,  including  libri- 
forni  cells  (Sanio),  and  the  secondary  wood-cells 
(De  liary). 
h.  Vasifonn  w<Kid-cclls,  or  Trachcids. 


'  8omrtiinM  a  iinglc  r«Il  hi  a  uniform  tiMuo  nmy  develop  itntikc  iU  ui-igh- 
bara  ai  n^^&nU  une  ur  more  at  tlm  foIlDHing  vhnractcra  :  romn.  aizr,  nature  of 
oell-will  or  ecll-DonUnM.     iSucb  cills  ire  tenned  by  Sachs,  tdioblaiU. 
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2.  Vessels,  or  ducts. 

a.  Dotted. 

b.  Spirally  marked* 

c.  Annular. 

d.  Reticulated. 
€,  Trabecular. 

3.  Bast-cells,  Bast-fibres,  or  Liber-fibres* 

III.  Sieve-cells,  or  Cribrose-cells. 

IV.  Latex-cells. 

Intercellular  spaces  and  canals  are  neither  cells  nor  tissues, 
but  they  requii*e  consideration  in  connection  with  them. 

L  Cells  of  the  Fundamental  Sjrstem, — Parenchyma  in  the  widest 
sense,  including  Modifications  for  Protective  Surfaces. 

PARENCHYMA. 

203.   This  term  is  applied  at  present  to  all  t3'pical  cellular 
tissue  except  that  which  belongs  to  the  e[)idcrmul  system.     It 

therefore  constitutes 
the  mass  which  sur- 
rounds fibro- vascu- 
lar bundles,  forming 
pith,  medullary  rays, 
the  pulp  of  leaves 
and  fruits,  etc.  It 
occurs  in  nearlv  all 
parts  of  all  plants. 

The  elements  of 
parenchyma  are  sim- 
ple cells  more  or  less 
separable  from  each 
other,  in  some  cases 
by  slight  pressure, 
and  in  others  by  the 
cautious  use  of  a 
macerating  solution. 
The  cells  vary  greatly  in  form,  but  usually  are  polyhedral  or 
spheroidal.  Extended  classifications  of  the  cells  themselves, 
based  upon  form,  have  been  made,  but  they  arc  of  no  utility 
and  of  small  historical  interest.  Yet  three  principal  shapes  may 
well  be  distinguished ;  namely,  short  or  isodiametric,  elongated, 
and  flattened. 


Fio.  37.  Paronobyma  from  ttaui  of  SCarrnbium.    M*-    (Jacobt.) 


PAItEyCHTMA. 
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204.  In  Ihe  yonngest  state  of  organs  short  parenchjma  cells 
form  the  wliole  mass  ;  here  they  are  rolativi?ly  small,  filled  witli 
protoplasm,  and  bavc 
no  iittcreellitlar  spaces. 
Later  thoy  are  changed 
in  shape  and  size,  may 
have  cons  pi  ou  on  3  in- 
tercellular Bpacea,  and 
the  protoplasm  may  be 
replaced,  at  leaat  in 
part,  by  other  matters. 

205.  If  the  celh  are 
loosely  aggregated  and 
have  L-unspienous  in- 
tcrwlliilar  spaces,  the 
tissue  13  ealU'd  spon'jij 
parsnchijma.  Theeelb 
in  sueh  cases  arc  apt  gg 
to    bo    more    or    less 

branched,  ami  in  some  plants  assume  regular  stellate  forma. 

206.  Elongated  parenchyma  cells  are  generally  more  com- 
pactly comhincil  than  the  short  ones.     Thoy  arc  well  seen  in  the 

nppcr  pari  of  most  leaves,  where 
Ihcy  have  received  the  signillcant 
name  palUade-crJU. 

207.  Flattened  pai-enchynia 
cells  are  the  common  form  in  tlio 
vertical  plates  (mednllary  rays) 
which  radiate  from  the  pith  to 
tho  bark  in  woody  [ilants. 

208.  The  walls  of  typical  pa- 
renchyma cells  are  thin,  and  may 
be  variously  marked  with  pits, 
esiweially  at  the  [mints  of  con- 
tact with  other  cells.  Thicken- 
ing thivails  forming  rctienlations 
and  spirals  are  not  nneommon  ; 
the  latter  oecur  in  the  aerial 
roots  of  Orchidacere.  A  crum- 
pling or  folding-in  of  the  wall  is  seen  in  some  of  the  cells  of  pine 
leaves. 


Vta.  aa.  frani  puli  of 
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209.  Thin-wallcd  parenchyma  cells  play  an  important  part  in 
osBimilating  and  storing,  and  Bi)ei-ial  names  ait!  given  to  cells 
wliit'li  li:ivc  llicsc  olllces,  sticli  as  eliloropliyll  pareixjliyma,  starcli 
j)ari.'neLyina,  etc.  In  tlie  tissues  of  loost  succulents,  and  in  tbe 
leaves  of  a  few  plants,  some  of  the  parenchyma  cells  are  filled 
nith  clear  sap  and  more  or  less  mucilaginous  matter,  and  con- 
stitute tlw  flo-called  water  tissue. 

210.  The  walls  of  tyijical  parenchyma  cells  consist  of  ordinaiy 


^^,s 


rO^ 


'    W 


ccllnlosc  1  but  even  slight  deviations  from  the  type  furnlBh  good 
tlinsti-atioiis  of  lignillcd  and  of  cutinized  membranes. 

'Jll.  LiguiHcation  may  inci-ensc  the  thicliness  of  the  cell-wall, 
greatly  rc<luc'ing  the  eell-eavitj',  or  it  may  merely  harden  the 
membrane  without  much  thickening.  The  parencbyma  cells 
found  nMsocintod  with  other  elements  in  woody  tissues  have 
walls  of  the  hitter  character ;  the  grit-i-ells  in  pears  and  many 
other  fruits  show  good  examples  of  the  former.  Such  hardened 
cells  are  called  sclerotic  parenchyma  cells. 


i.  SclwoUc  paniwhrina  call*  thHO  b-Rlt  or  th*  pur.   (W«ln.i 
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In  many  cases  it  can  be  shown  tlaat  canals  run  throngh  ifaese 

Uiickoncd  walla,  as  sliawn  in 

Fig.  41.1 

212.    Certain  mmlidu  I   |n 

rcni;liynia  cells  arc  on*  n  iiintcd 

to  form  slicalhs  around  fibro 

vascular  bundles.    Tliesc  cells 

are    [irismatJc,    and   in    close 

a|ilw3ition.     Their  mils  are 

tbin.  cscejit  al  their  latta  of 

mutual  contact,  where  tlic\  iic 

conspicuously  thickened   jiid 

oflcn  plicate,  ami  nniU   all 

parts   of  the    Tncmlnne    art. 

more  or  less  cutiiiized. 

213.  These  cells  con- 
stitute tlic  cndodennis. 
They  gciiciall^v  contain  a 
large  amount  of  starch. 
314.  foreucbymacells 
may  undergo  the  mu- 
ciltiginous  modification 
(sec  1-17),  as  in  the  con- 
ductive tiasue  of  the 
style  of  many  flowers 
and  the  albumen  of  many 
seeds.  This  change  is 
conmion  also  in  the  lon-er 

215.  An  ap|>earanco 
closely  resembling  id 
some  points  that  pro- 
duced by  the  mucilagi- 
nous modidcation  is  pre- 

>  A  Hcooil  kind  or  sflcrotic  (mrenubyma  gomptinws  ■ccoininnios  tlin  longer 
kJoMiu  i-hIU  in  *  Tvw  Tiriis  aail  some  tiioiiiK'nty1eilon>.  Its  crtls  iip|irar  as  ii 
■cgnienu  nf  ■  joiulnl  fihrp,  lonicwhat  Ratti'iinl  on  llin  Eidc  uxxt  Ihu  tang  cells, 
■till  iluciiUdiy  eorivpx  un  the  othi^r.  Such  lliiItirnfHl  i.-i?1U  urr  uor<|UDlly  tliivk- 
eunl  on  ttli-  two  aiJoii  and  tho  wulla  nra  lotiKwIiat  ■itii.'itji'd.  But  the  tntM 
■trikitig  rotiirc  in  many  outes  is  llie  deposition  within  tin  osrity  uf  tli«  cell 
of  ■  naaa  of  lilk-ic  leid  ;  this  in  n'etl  wra  in  the  linni  celli  vhigh  accgiiilnajr 
tlie  Ghio-Ttscular  UirrailB  in  ihc  Imiviu.  of  some  tnlms. 


n  lh»  nnt.l»ll  "f  .Tn([liii.i>  ™gt«.    (Rfinkc.) 
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sentod  by  the  parencliyma  cells  just  under  tlic  epidermis,  or 
outer  layers  of  cells,  In  many  plaota.    The  ccII-waU  is  ttiickened 


Tery  consiiJerably  at  tbe  angles,  and  upon  the  api>lication  of 
dilute  acids  swells  greatlj',  but  without  becoming  eleai'ly  muci- 
laginous.     When  moist, 
^,_rr-i:^7^^^5rv>sr^=r^;=>^     /n       such  cells  have  a  bluish- 
iSKOOOOgOO^^^     white«,lor.ndaii.a.ked 
lusti'c.     They  are  known 

BS 

21 G.  Collenchrnta  cells. 
They  are  generally  some- 
what elongated,  and  so 
unitcil  as  to  form  threads 
which  possess  great 
sti-ength,  and  are l>elieied 
to  serve  an  important  me- 
chanical ufHcc  in  the  plant 
Good  examples  of  these 
are  afforded  by  the  stems 
of  many  Umbellifene. 


EPIDF,RJII3. 
217.   Tliis  is  the  outermost  layer  of  cells  covering  the  sur- 
face of  the  plant.     In  some  of  the  higher  plants  it  pereists  with 
little  change  Ihi-oughout  Ihe  life  of  the  oi^anisra  ;  in  otliei-s  it  is 

in  CeUUnnns  1111X11(10(1011: 


lamtap.   (Vui TtetliwiJ 
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a  or  later  thrown  off,  and  replaced  by  a  subjacent  protective 
tissue,  —  cork. 

218.  Except  at  peculiar  o|>ening9  (stomatn,  etc.),  the  epider- 
mal cells  &re  iu  close  apposition.  Upon  llicii'  exposed  siirlace 
tiicy  are  cutinizDd,  and  tliud  a  contiuuotis  hyaline  lilni  is  formed, 
kuon-n  as  the  Cuticle.^ 

219.  SomeLimes  the  epidermis  ma}-  bo  torn  off  without  much 
dbtartiinji;  the  underlying  tissues. 

220.  llesides  tlie  cells  which  comi>06e  the  proper  tissue  of  the 
epidermis,  there  are  certain  ap- 
pendages or  accessory  structures, 
tnaiuly  hairs  or  analogous  pro- 
ductions (together  called  tri- 
chomes),  and  peculiar  cells  which 
constitute  tlie  stomata. 

2:21.  Epidermal  cells  proper  are 
fn  uninterrupted  contact.  They 
are  usually  of  a  tabular  or  pris- 
matio  foiTti.  The  lines  which 
mark  their  outlines  as  viewed 
trota     at)ove      are     sometimes 

straight,  but  odeuev  siuuous,  at  least  on  the  longer  sides  of  the 
cell,  which  here  as  elsewhere  correspond  with  the  direction  of 
growth.  Near  stomata  and  tricliomes  the  celb  frequently  assume 
very  irregular  forms. 

223.  Their  upper  or  free  surface  ts  generally  slightly  convex, 
sod  often  has  tniuntc  outgrowths,  for  instancd  in  velvety  petals ; 
when  these  arc  larger  and  longer,  they  constitute  the  simiilest 
form  of  jilant  liairs. 

223.  Delicate  epidermis  possesses  thin  walls;  but  In  a  large 
number  of  fiesliy  and  tough  plants  tlic  walla  have  considerable 
Ihiukening,  yet  not  always  on  the  some  part.  Thus  in  Uie  Icaveti 
of  Cycads  the  upper  wall  is  the  thicker ;  in  many  Bronicliaeew, 
the  lower  and  side  walls.  In  a  few  eases  the  cell-cavity  is  nearly 
flUod  by  the  thickening  material.  Stratification,  striation,  and 
pitting  of  the  cell-wall  may  also  occur,  great  diversity  existing 
in  all  thcae  rnsiwcts. 

224.  When  the  epidermis  is  very  delicate,  the  demonstration 
of  the  thiu  film  of  cuticle  requires  great  caic  in  the  employment 


'  By  Do  Cttlidolle  tbo  term  culidc  km  B]i|ilJo.l  to  the  Inyera  of  ctiMorinal 
cem  and  nut  reslrioKd  to  the  cutinacd  fiim  ( Physiologic.  iaJ2.  p.  109), 
Flo.  40.    SlQDB  ol  SunbnCDi  nifni  (amniiHtnl  b;  alililuink. 
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of  tho  reagents.     Accoi-ding  to  de  Barj,'  tlie  cntk-le  men-ly 

covers  lUe  pure  soft  celluiose  mcrabiane  of  tlie  eptdermai  cella 

wheo  tlieae   are  lliin-walleil ;   but  when   the  walls  are  thicker, 

especially  in  epidc-rmia  whiob  is  long-lived,  Ibat  part  of  the  ceU- 

wall  wbicb  botilers  on  the  cuticle  befomes  infillrated  with  cutin, 

and  tlius  tliere  tube  one  or  more  lajers  of  modilied  cellulose, 

eadi  of  irhich  eshibita  the  reac- 

tiona  of  ciitin.  When  such  cells  are 

treated  witb  warm  [mtassio  hydrate 

(a  ten  per  cent  soliilion  is,  on  the 

whole,  strong  enough),  the  cutin  is 

slowly  removed,  and  the  cellulose 

wall  remains,  although  with  con- 

siderabli!  loss  of  substnnoe.    Walls 

wliii'li  are  thus  impregnated  with 

cutin  in  strata  form  cuticularized 

lat/ers.'      The  management    of  a 

warm  solution  of  [ratassie  hydrate, 

in  order  to  obtain  satisfactory  r&- 

^\  suits  in  the  dem<instrBtiun  of  tbe 

.  ■  °        ■*  l\         ^°^  stratiflcatiou.  demands  much 

%._^  I  j^  [  .^m[^  Jl^      ^'*'     '*  **  advisable  to  apply  very 

I  m^H^^HA^  gradual  increments  of  heat  to  tbe 

I     ^r       X      \.   X  glass  slide  in  the  case  of  the  more 

I      ^T^^^T^^T^^  delicalt!  spcdmens. 

'  ■  225.  Waxy  and  resinons  matters 

are  frequently  associated  with  tbe 

cuticle.    In  some  cases  the  amount  * 

of  sncb  substances  is  large,  and  assumes  commercial  impoilancc. 

The  young  leaves  of  the  wax  palm  (Ceroxylon  andicola)  are  said 

'  VorgUicheQiin  Anatomia,  p.  80. 

*  Tllii  difUion  into  ap[»rent  JHoiellx  cto  be  cosily  deoioDstrftted  in  soma 
cues  hj  tlie  npfilicition  of  i^hloroicxliili'  of  rinc,  whivh  im|artii  s  yellowish 
color  to  the  thick  film,  except  at  its  oiiln  aurfaw.  Uolil  e3|iUineii  the  Btruo- 
tnn  af  the  expuseil  cell-irail  in  Viacutii  album,  where  the  film  U  Tery  thick, 
■a  ToUowa  :  "The  epidemiis  cella  consist  hero  of  two  or  throe  grneattOM 
enntosHi  one  within  anolhpr,  of  which  all  the  thiukeonl  wbIU  on  the  ontM 
aiila  have  become  blemled  loitelher  into  a  mvmbrane  conipoHing  tbn  cuticle. 
Thne  loyen  arc  to  lie  called  the  colicular  layera  of  tho  epideiToia,  to  ilia- 
tiniciiish  them  frnm  the  maas  Becreted  on  the  ootaide  of  the  cells,  the  tmo 
nrUMirearofAlon 


Pin  M.  TraniTene  Hcl 
nin-cuUcalaHml  parti  of 
lajen  DOTereil  brtlieciiUrln 
proper  bar  been  Tatood  rram 


a.  •ectlon  In  waWr,  — tho 
UioH  are  Iha  cattcnlai 

•lier;  ft.««itlon  hsalcd  in  polaiBlc  hyilrate;  I 


EPIOERMIS,  67 

to  yield  Iwenty-five  imtintia  of  wax  to  eacli  tree.  IJayberry  was 
is  B  more  rainiliar  txnmple. 

22(i.  T<)  such  wftsy  coalings  is  due  llie  glaucous  appearance 
of  tlio  leaves  and  fiiiits  ol'  loaiiv  plants.  The  coatings  aio  chiefly 
of  tlie  following  kimla  (de  Baiy')  :  — 

1.  Coherent  layeix  or  incrustations  upon  the  epidermis.  2. 
Crowded  vertical  i-oda  of  considerable  length,  as,  lor  instance, 
Ihose  on  the  intcrnodcs  of  Saccliarum  ollii-inarnm,  from  ten  to 
flriecn  hundredths  of  a  millimeter  in  hciglil.  3.  Very  short 
rods  or  rounded  gi.iins.  These,  on  the  leaves  of  Ti-opaeolum, 
are  not  very  near  together,  but  on  those  of  the  cabliage,  tulip, 
etc.,  nre  more  crowded.  4.  When  the  grains  are  more  minute, 
And  liavo  the  shaije  of  needles  iri-eguUirly  massed  tt^ether,  tliey 
constitute  the  peculiar  bloom  of  the  leaves  of  Eucalyptus, 
Rieinua,  etc. 

227.  Between  the  above  kinds  there  arc  many  intermediate 
ones.  Agave  Americana,  for  instance,  fui-iiisliing  formal  between 
the  two  last  named. 

228.  Epidermal  cells  piwi^r  have  a  delicate  lining  of  proto- 
plasm nnd  a  distinct  nucleus.  The  cell-sap  is  generally  colorless 
and  transpai'ent.  allowing  light  to  pass  with  ver>'  little  obstruc- 
tion to  the  layers  beneath  the  epidermic;  but  in  some  cases 
it  is  so  colored  as  to  impart  a  conspicnous  hne  to  tlie  plant. 
In  many  water-plants  lliere  is  no  wcH-raarked  distinction  l>e- 
twoen  epidermis  anil  the  subjacent  tissue,  even  the  cells  of 
tho  upper  layer  containing  chlorophyll,  but  epidermal  cells  are 
mostly  free  from  either  chlorophyll  or  starch.  Brongniart  has 
shown  tliat  some  amphibious  plants  have  chlorophyll  in  the 
epidermal  cells  of  the  aquatic  hut  not  of  the  terrt-strial  form. 
That  the  rule  is  not  universal  is  shown  by  Cnllitriche,  which, 
according  to  Hegelraaicr,  has  epidermis  without  chlorophyll  in 
both  forms. 

229.  Epidermis  usually  consists  of  only  one  stratum  of  cells, 
but  it  may  be  made  up  of  two,  three,  or  even  more  layers. 
Division  of  the  original  epidermal  cells  by  one  or  more  partitions 
parallel  lo  the  surface  of  the  leaf  gives  vise  to  superposed  cells ; 
and  thus  muUijile  tpi'tcrmig  results,  as  in  the  n[iper  surface  of 

TUUcla.  which  la  aolnblp  in  oiilstiu  potash,  nud  in  mo^t  cases  rornia  bot  ■  very 
Ihin  coating  over  ihc  i-iodoninl  ccHb"  (Vpc  Ci-ll,  Hetifny*  tmna.,  p.  35). 
Oihh!  I'lninplra  for  nlml/  of  Iha  different  kiudu  of  riili'*ulHr  innllnitinns  nre 
•ffordi-il  by  ihe  [ollowing,  —lenrrtof  Diaiiiliancaryaphylliu,  Onlantb us  nivalis, 
llrx,  Piiina.  Hiiy*,  SHiaafnis,  uid  Taius,  anil  twiga  uf  Viscuni  and  of  Olaandar. 
■  BotaniKhe  Zeitang,  I8n. 
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the  leaves  of  many  species  or  Peperomia,  Ficns,  and  Begonia. 
Multiple  ('|iiileriuJs  b  nut  always  of  even  thickness  througfaoiit: 
gouetiiDcs  a  [Ktrtiun  may  be  ouly  one  or  two  wUs  thick,  while 
a/)jacent  |)Ortions  are  coinpose<l  of  many  layers.  Sudi  ditTer- 
ciK-trS  arc  generally  associ.tteil  with  the  occunvncc  of  stomata. 
hairs,  etc.  The  subjacent  cells  in  some  forms  of  multiple  epi- 
dermis are  smaller  tlian  those  above  them,  and  in  these  eases 
the  arrangement  of  the  cells  in  Iho  successive  layers  presents 
striking  inequalities. 

230.  TrkhQMH.  Umler 
this  tvnn  arc  included  the 
multifarious  forms  of  hairs, 
scales,  bristles,  and  prickles. 
Hairs  are  sometimes  of 
diverse  forms  on  the  same 
plant,  and  even  on  the  same 
pai-t,  but  wjmetimes  so  pecu- 
liar and  uniform  throughout 
large  genera,  or  even  oiders, 
that  tbey  aid  in  their  idcn- 
lincation  ;  as.  for  instance, 
in  MnlpighiaceiE,  l.oasacese, 
and  Ela'agnaccic. 

2S1.  ir:implchairs,whetlicr 
branched  or  unbninchcd,  are 
formed  by  the  prolongation 
of  a  single  epidermal  cell, 
either  slight,  forming  a 
mere  papilla,  or  to  a  great 
length,  as  in  the  so-called 
fibres  of  cotton.  Simple 
hairs  arc  abundant  u|K>n  the 
rootlets  of  most  |ilanls  at  a 
little  distance  behind  the  ad- 
Tancing  tip.  where  they  play  an  im|)ortant  part. 

2.32.  Compound  hairs  arc  of  nil  degrees  of  com- 
plexity. They  may  start  frt>m  a  single  cell,  or  from 
a  group  of  cells,  and  may  have  the  derivative  cells 
arranged  in  many  ways.     The  cells  at  or  near  the 


u 
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fixit  of  the  bair  may  differ  aomewlmt  In  shape,  size,  anil  arrang©* 
ment  from  the  other  epidermat  cells,     Thej-  may  Torm  an  ettil- 
aent-'e  upon  whicli  Ihe  fi>ot  resta,  or  they  maj'  be  somewhat 
Buuken  so  that  ibe  body  of  the  hair 
hardly  reaches  the  general  suiface  of 
the  epiflerniia ;  hut  usually  tlie  hair 
proje<!ts  for  n  considerable  distance 
above  tlie  border  of  the  depression. 

Both  simple  and  compound  hairs 
may  be  variously  curved  and 
branched,  giving  lisc  to  stellate  and 
many  other  forms. 

253.  Scales  are  trichomes  which 
are  roostl}*  comgmund,  and  consist 
of  discs  borne  by  tlieir  edges  or  een- 
tres.  eitlici-  with  or  williout  a  short 
foot  or  stalk.  If  the  disc  is  com- 
posed of  radiating  cells,  the  scale 
becomes  stellate,  a  form  which  re- 
sembles or  passes  into  the  stellate 
and  tufted  hairs  common  in  Mal- 
vaceie,  etc.  Well- marked  stellate 
walc«  arc  met  with  in  Olcaeeot  and 
EUeagnaceie. 

254.  Urisths,  prickles  and  epidermal  spinef  are  firmer  or 
Btonter  outgrowths.  Wlien  such  outgrowths  arc  truly  epidermal, 
they  oome  olT  with  the  opi<lei'niis. 

Haira,  scales,  anil  prickles  dilfer  very  greatly  as  to  tlieir  per- 
Biatencc,  some  being  exceedingly  short-lived,  as,  for  instance, 
th«  hairs  which  occur  on  roots ;  while  others,  for  instance  the 
prickles  on  the  rose,  last  for  long  periods. 

S35.  In  certain  outgrowtlis  from  the  edges  of  leaves  or  else- 
where the  structure  is  complicated  by  the  presence  of  a  imrtion 
of  the  underljing  framework.  This  is  nolablj'  the  case  in  the 
fringe  upon  the  leaves  of  Droseracete.  There  are  all  degrees  of 
variation  between  such  tricliomatotis  oulgrowtlis  and  splnulose 
teeth,  or  lolies. 

236,  The  consistence  of  the  cell-wall  in  trichomes  varies 
widely,  from  extreme  tenuity  to  the  density  of  a  silicilied  wall. 
The  more  delicate  hairs  are  transparent,  so  that  the  contents 


lanmliit  (Uw  bop);  t,  italUU  h>lr 
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can  be  plainly  seen,  Ibua  affording  opportunity  for  exsminlng 
tlie  moAt'ineiiis  of  I'rotoiilasm.  Jiid  fur  the  study  of  Uie  cfTccts 
of  reagents  upon  the  contents  of  cells. 

Young  hail's  contain  inneh  protoplasmic  matter;  &t  a  later 
stage  tlii-y  have  a  lat^e  proportion  of  cell-sap ;  slJU  later  many 
are  filled  only  with  air. 

237.  At  lirst  the  epidermis  is  nlnays  completely  continu- 
ous, tlie  cells  being  in  close  contact  with  each  other;  but 
soon  there  api>ear,  especially  in  leaves,  guarded  o)>eninga 
through  nhieh  the  iiitci-ior  of  the  plant  is  bronglit  into  com- 
munication with  the  BuiToundiug  atmosphei-e.  Tlicse  apertures 
are  of  two  principal  kinds,  the  most  imj>ortaut  and  widely  dis- 
tributed being 

2Sii.  SUimaU.  These  are  combinations  of  epidermal  cells  of 
a  peculiar  character,  between 
which  a  narrow  slit  extends 
dii-cctly  through  theepidermis 
to  an  intercellular  space  be- 
low.  The  cells  bordering  the 
slit  are  well  tcnncd  guardian 
cells,  on  account  of  their 
opening  and  closing  under 
certain  circumstances.  The 
neiglihoriug  epidermal  cells 
ore  frequently  arranged  in  a 
dellnite  onler ;  nnd  the  jja-  g^ 

sition  of  the  stoma  has  in 
many  cases  a  plain  relation  to  tlie  nnderljing  framework. 

Stomati  belong  especially  to  green  organs  exfwsed  to  Ihe  air  / 
but  they  Jiavc  been  detcc'te<l  on  all  sH|>erlteial  jiaits  of  the  plant, 
with  tlie  exception  of  roots.' 

239.  Viewed  from  alwve,  stomata  apijcar  generally  as  elliptical 
bodies  through  which  rims  a  narrow  slit  in  the  direction  of  tiie 
longer  di.imcter.  Kach  guardian  <*ll  is  therefore  half  the  ellipse. 
The  cleft  varies  in  width  according  to  certain  external  condi- 


>  The  rallovingcas«a  are  cited  by  Je  Baiy  (Vergl.  Anat.,  p.  4B) :  On  rhiio- 
mata  aoil  tubem  (young  potatoes),  on  tLa  prriunth,  the  mitlier  (in  Lilium 
bulbirenim),  oa  tlie  ]>iiitLt,  on  the  seed-coat  (Cumin).  PlaiiU  deatituMof  cbloro- 
phyll  mHy  also  be  licstitute  of  Btomata,  as  iti  Munotrojia  Hypopilys  j  or  1ibt« 
tll«iil  only  ail  tbe  pistil,  as  ia  Latlincu. 

.   (Strubuctt.) 
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tions  hereafter  to  be  dcsfriliL'd,  the  stoma  being  in  fact  a  deli- 
cately balatiCM^  valve.  A  verticnl  Bct^tiuii  shows  that  the  outer 
part  of  the  opening  is  wider  tiinii  the  narrow  passage  farther 
down,  and  that  IJie  spate  below  this  wiilcns  aomewhat  towards 
the  intercellular  cuvitj-.' 


'  The  folloH-iug  table,  conipilei!  from  tipirea  (riv™  by  Weiss,  gives  the  nmn- 
Mr  oT  BtoniBU  on  tlip  ll[))i(ir  and  unilur  iiidia  of  Llie  lunves  of  various  plniiU 
tor  llio  niMt  pirt  nwlily  jirocumblc  by  sludfiitB.  To  sliaw  Ibe  widv  dinereiicm 
In  ibv,  the  longur  aui  alioiter  iluiiu<'lers  hare  beru  adilvd,  tn  J,  liiiiilly,  the  frac- 
Itoit  of  a  nqnsni  iniUlnirter  covcr«l  by  u  sitigt«  atonin. 


liyBBomii. 


■■UtiT*,  I., 

Iitaltm.ll    .    .    . 


Kupborbla  CjrpulMU*,  L. 


I  Babsitlanani 


Ulfuinbiilbi 


IillDKwa  padlca,  U 
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N<ni|>li«k  .lb*.  I^  ■  . 
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ITie  cells  thus  slightl}'  separated  at 
by  subsequent  gronlli 
bring  about  i-hanges 
in  tbe  relatiuns  of  the 
neighlwi'ing  cells. 

In  SeduiD,  ns  sbown 
by  Strasbiii^er,  there 
are  prC|)arator_v  tlivl- 
aioDS  iu  ditfcrciit  di- 
rections, Tvliile  in 
some  inonocolyk'dona 
there  are  simiittiincoua 
divisions  in  contigu- 
ous c|)idi.'riDal  evils. 

241.  Stomata  are 
not  present,  at  least 
in  a  perfect  foi-ni,  in  any  submerged 


240,  As  appears  ftam 
the  following  figures,  the 
first  stage  in  the  duvcl- 
opmcut  of  an  ordinary 
stoma  is  the  separation 
of  a  part  of  nu  epider- 
mal cell  by  means  of  a 
vertical  partition,  thus 
forming  tlie  motlier-cell 
of  tlic  stoma.  This 
nest  divides  by  a  verti- 
cal plane  which  soon 
exhibits  a  narrow  chink. 
their  common  wall  may 


PlO.  (B.  Vsrllul  Hctlon  of  nloniftaf  HyidntliiuDileliUilt*.    (StntbDriir. ) 
Fid.  JH  a,  ft,  e.    Ttam  iitjiga  In  (he  ilBtal<M»n™t  "f  ths  itomata  at  Sedum  ipnriaB. 
Hg.  tic  •bow*  Uu  nurro*  *Ut  usJa  b^  llu  nolgtiboriug  iiililanuBl  nil*.   (Slruburgti ) 
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floating  leaves  they  are  coiiQned  to  Ihe  iip|>er  siuTine  oC  the 
lear.  TLc  leaves  of  certain  ]>laDts,  as  those  of  raonocutji  lidons 
and  those  which  take  a  Vfilioal  iw- 
sitioii,  hnve  thoio  in  nearly  equal 
□umbers  on  the  two  sideH ;  but  in 
most  eases  tlie  number  on  the  under 
exceeds  that  on  the  upper  suifaee, 
us  will  be  seen  fi-om  the  table  on 
pag[^71.  As  regards  the  approxi- 
inalc  number  on  leaves  of  average 
f,  size  iu  some  of  our  common  plants, 
following  0gurea  mny  be  of 
bteresl :  — 

Nymphaii 7.G^O,000 

Bniiuion  olcmceiL 11,510,000 

HeliuilhuB  annuDB 13,000,000 

2ft.  Water-pores.   Directly  over  the  extremities  of  the  fibrea 
of  the  framework  of  many  green  leaves  are  found  ai)ertures  in 


the  epidermis   which  have  no  true  guardian  celts,'  but  which 
L  closely  resemble  ordinary  stomala  in  most  other  respects.   Owing 

■  Tliitt  is,  Uui  boriUriiig  cdh  do  not  dose  uo<l«  rxti-mal  iiiilucnvca. 
Fis.  54.  VerltMl  xmU'II  iif  "UHiin  ..rSodun.  i-piirlmn     (SlriubnrBerl 
Fia.  DC.  V/Ma-ttont  In  l«f  it  Koclwa  cocdiirn,    TI>o  left-Laiid  Dsura  ihom  t»lh 
■■  onlliurjr  ttniiii 


ctlMf.    Tboriclil-luDdacBniL 


'■  Um  ■UaMHrs  tUqiUjnl  bj  a  tkUcb]  mi 
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to  lUe  TiM't  that  tlieir  ca\-ity  answering  to  tlic  intei-cel hilar  space 
of  a  stoma  is  olU'ti  tilled  wilb  water  instead  of  air,  tbcsD  liave 
keen  calk'd  natcr-]Kircs.  At  coilain  times  liquid  water  passes 
tlu'oii^li  tliese  [Ktres,  coUcetiug  at  tlie  opening  and  sometimes 
leaving  there,  npou  eva[x>ration,  Blight  iiicnistations  of  caleic 
cai'boiiate.  Water-pores  assume  dilTcrent  forms  and  vary  ranch 
in  size,  (lood  cxaraplus  arc  afToiiled  by  many  AroiUeo;,  by  llio 
teeth  of  the  leaves  iu  some  species  of  Fuchsia,  the  leaf-margins 
in  Trapajohim,  etc.' 

Small  rifts  of  nearly  the  same  shape  can  be  found  in  certain 
grasses  ;  hut  in  those  the  nperturc  comes  fiwm  a  mcehanical  rup- 
tura,'  anil  the  underl_\  ing  stnicture  is  very  simple.' 


243.  This  protective  tissue  is  formed  beneath  and  replaecs 
epidei-mis  in  the  oh  I  er  superficial  paits  of  plaiiU;  it  also  con- 
stitutes the  tilms  by  vkhteh  wound:!  are  heaU'il.  Only  tlio  inner 
Iayei-8  of  cork-tissue  [wsaeas  cellular  activity,  those  which  Ho 
outside  of  tiieni  having  [wrished :  the  former  contain  protoplasm 
and  arc  cajinhle  of  celUli vision ;  tlio  latter  contain  air,  mid 
occasionally  small  clusters  of  crystals.  The  iuncr,  active,  and 
growing  layers  are  known  as  cork  meristem,  cork  cambium,  or 
J'helhgen  ;  thu  outer,  pi'otluce<l  fiinn  this  anil  no  longer  living, 
make  up  llio  bulk  of  the  outer  hark,  and  arc  oitlinarily  called 
cork.  Although  the  older  cork-tissues  must  be  fin-ther  described 
iu  Chapter  III.,  umler  "Bark,"  tlieir  elements  may  he  conven- 
iently treated  of  now  in  connection  with  the  cells  which  produce 
them. 

244.  Origin.  Cork  may  arise  from  several  dilTerent  sources, 
the  principal  of  which  arc  the  following:  (1)  from  division  of 
cells  in  the  e|iidcrmis  (c,  g.,  species  of  Pynis,  Sails.  Viburnum, 
etc.) ;  (2)  rooiv  commonly  from  underlying  |iarenchyma,  In  a  few 
cases  even  from  that  which  oi-curs  in  tlic  iuncr  bai4(  ^thc  bast 
parenchyma),  as  in  Vitis  and  Spira'a;  (3)  from  parencltyma  at 
injured  surfaces,  as  in  the  heahng  of  wounds. 

245.  It  is  normally  produced  utmn  tlie  stems  and  roots  of 
flowering  plants,  es|>ecially  dicolyledons.     Its  cells  are  gcnerally 


Jtbrb.  kouigl.  botoD.  Gnrtx.'!),  Berlin,  18S3. 

•  Du  Bury  :  Analomif,  p.  57. 

*  tiariltuer^  I'mceeiLiigg  Caiiik  Diil.  Sgc.,  1S33. 


s  Aiiatomi?,  ^  S4,  i 


II  |>ai'tilioii  imi'ulk-l  to  tlio 
lUu  oilier  till  Ik-coiiil's 
cork,  nliilu  llio  inner  iv- 
taiua  its  ixtwer  of  ilivisiuii 
ami  ill  turn  iiroduccs  new 
cells,  lint  will)  the  first 
appoirniicc  of  lliu  i-oi'k- 
l&f  cr  a  ciiangc  takox  place 
ill  all  lajcra  IjUig  lo  iliu 
outaitlc  of  it :  llicyarccnt 
uH'  from  nutritive  Biipplioa 
and  soon  liic.  The  con- 
tinuous la\t'rs  of  cork  are 
[■at lull,  L-olkcttvely.  Peri- 
derm,  a  nunn.-  roatiatut 
Itv  MoliI  to  tough  eoik  m 
clistiiieliou  from  soft  luiK, 
bnt  now  ?m|ilo,vetl  witli  a 
wider  signiOcntion. 

24C.  Cork  ineristoni 
give§  rise  lo  sucveaf-uo 
laj  crs  of  (Tork-L-clla  :  iniiu 
new  lujers  dilTer  mudi 
IVom  tlio  pretodiiig  in  tlie 
Btiiipe  and  size  of  tlioir  cells,  an  nppeiti 
naturally  rcsidts.  Cork  ineristem  niiiy,  in 
pruduee  oh  its  inner  side  |x.-rnianent  pan-ncliytna,  the  eells  of 
wLieh  eontuin  eliloroplijll ;  these  green  Inyera  are  called /"Ac/- 
toderni,  and  arc  ohscrved  well  in  the  bceuh,  willow,  etc.  (we 
Chapter  IK.)- 

347.  Cork  ceils  are  taluilnr,  or  sometimes  cnlifcal,  nnd  with 
few  exceptions  have  no  intercellular  spaces.  In  the  ciise  of  very 
Oat  cells  which  ctihci-u  luore  (irnily  lalerally  than  In  the  line  of 
Ihc  radius,  the  cork-tissue  m.iy  be  readily  separated  in  (Urns  or 

i!4H.  The  walls  of  older  cork-cclU  arc  cutiiiizi'd  or  suherized 
throughout.  The  dcmimstratioQ  of  cellulose  in  cork-cclU  is  not 
poasibtc  unless  the  i*lla  have  been  first  a<'ted  on  by-  solvcnte, 


r  of  strati  ficati 01 
Mitiuual  iiisIunci'H 


Flo.  BC   Funii«ll..ii  of  w 
JC,  tha  lotal  producl  of  U 
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Buch  aa  caustic  ixitaah,  anc\  the  like.    But  soroedmes  the  cell- 
wall  seems  to  be  L-ompleti'ly  changed  into  c-ork-substaDce. 

24'J.    Cortc- substance  behaves  towards  I'eageiits  in  nearly  all 
respects  as  culio  does  (sec  la7). 


'io 


250.  Cells  which  have  been  completely  siiberizcd  can  be  sepa- 
rate<1  fVom  each  other  by  the  gi'odiial  action  of  Sehulze's  macer- 
ating solution.* 

2.il.  The  color  of  cork -cells  is  not  dc|)endent  upon  the  amount 
or  the  change  or  llic  nail  into  itirk-snlistance.  The  walls  of  llie 
cells  in  some  species  of  willow  ni-o  colorless,  while  those  in  other 
species  are  distinctly  yellow ;  and  yet  the  former  have  been  as 
thoroughly  changed  into  cork -substance  as  the  latl«r. 


FroseDclijrma  in  th« 


n.  C«lla  of  the  Flbro-Taicnlar  Bystem,- 
iridest  senee. 

252.  The  cells  and  modilted  cells  of  this  system  constitute 
the  fVamcnork  of  a  ])lant.  In  a  few  of  the  higher  and  in  mnny 
of  the  lower  plants  it  is  barely  if  at  all  develoi>ed,  the  entire 
Btniclure  consisting,  iu  such  cases,  of  a  mass  of  parenchyma 
covered  by  epidermis.    But  iu  most  plants  it  exists  as  a  skeleton 


^  This  fart  has  led  to  the  belief  tlmt  ttipre  exists  jii  such  cas«s  an  intenne- 
iliate  plate  whiuh  iliflers  in  its  character  from  tlic  rest  of  tho  cell-ivall ;  but 
prolon^^eil  action  of  tlie  same  nmgciit,  I'sjwcisllj  H'ith  tranuing,  causes  the  cella 
to  bruak  dawn  uid  ultiniatelj  fortn  a  Jisoi^nizHi  niasi. 


I  ml  w 


inJarj  c 


It  lAjflT  of  curk  (■liaim  Iu  C),  ud  m  lajt 


lyar  wlikli  Olvldu  III  B.  U 
:,  3,  irlUiln,  vlilvli  agila  lU 
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bringing  all  parts  into  closer  relations,  and  Btrengtlictiiiig  the 
whole. 

253.  Tbe  ct-lls  arc  uoruiully  of  considerable  length  in  pro- 
porliuu  to  llic  tiliDsvci'ae  diameter,  and  ai-e  genei'ally  more  or 
less  Bhai|jlj-  pointed  (proseiicliji'iua  pioiwr).  The  most  impor- 
tant of  the  inodiBed  cells  belonging  to  tliia  system  unite  to  form 
long  rows  in  nliieh  the  tcriniual  psititions  are  nearly  or  quite 
obliterated,  throwing  the  cavities  into  one,  aud  thus  forming  a 
cylinder,  termed  a  duct.  Between  pro|»r  piosentUyma  i:elb 
niid  duets  there  are  numeroua  coniieeting  forms  whieli  render 
impossible  any  attempt  at  ftassifyiug  them  exaitly.' 

Assor-iftted  with  these  wlls,  but  ditferiug  iu  some  important 
particulai's,  are  eribrose  and  latex  »;.:I1b,  wUieh  for  convtnicure 
are  here  to  receive  sepai-ate  treatment. 

254,  Before  dex-eloping  Ibe  provisional  dassifictalion  given 
on  page  59,  attention  must  first  be  directed  to  the  peculiar 
transitional  forms  L-onstanlly  met  with,  wlileb  belong  as  much 
to  pnreuehyma  as  to  prosenchyma,  but  are  more  conveniently 
exaiiiiiicd  iu  conneutiou  with  the  associated  wood-elements. 

Chief  among  tlicse  intermediate  forms  must  be  mentioned 
those  of  whicii  Fig.  58,  No.  9,  may  be  taken  as  a  represen- 
tative. Here  the  whole  structural  element  ia  isolated  as  aa 
elongated  combination  of  three  cells,  one  of  which  has  Hattoned 
Buds,  while  tbe  other  two.  attached  to  these  ends,  have  their 
five  extremities  pointeil.  In  spite  uf  their  form,  such  cells  aro 
usually  <le3cril)cil  as  wood- parenchyma  cells.  When  Uieir  walls 
are  tliicker,  they  oi-e  nut  easily  distinguishable  from  septate 
librifurm  cells  (see  2113}. 

2m.  The  forms  shown  in  Fig.  59,  No.  19,  are  common  in 
tlie  wood  of  many  plants,  notably  the  oaks.  They  are  rela- 
tively small,  have  rather  blunt  extremities  and  thin  walls.  They 
occur  with  tliese  chamctera  especially  iu  the  autumnal  wood  of 
the  oaks  (see  395),  while  in  the  spring  wood  they  are  apt  to 

'  For  the  iiatiaf».ilory  slndy  of  the  reUiions  of  Ihe  flem-nt*  of  prownrhymn, 
very  Ihin  »ectioD»  are  uecwMiy;  bnl  for  the  examinRlimi  of  iho  clrnivna  Ihein- 
selrE*,  retouiw  to  tome  proem  of  nnn-nilinri,  by  wliiwli  they  i»n  Iw  isoUtnl, 
b  dwiyi  iltsimblfl.  In  ^p^nernl,  then-  is  nothing  prpfi-nihk'  to  Sphulw's  solu- 
tion in  any  strength  ndapteJ  to  the  special  ciw|  it  nuisl  lie  mnemlwtvd  that 
the  »h>w  action  of  n  ililuta  solution  ptaa  bettor  nrsults  than  lh»  won  lapiil 
action  of  a  conceatralcd  one.  If  the  nt-tion  tobeexsmineil  i«  tint  nitbjnrled  to 
the  action  of  th«  traceraling  solution  of  praiwr  strength  nnil  Hirn  t-h-ironRlily 
mshed,  it  can  be  dissecteil  at  |>lensure  nniler  a  hi);h  power  of  ■  simple  Icna. 
This  method  is  always  to  be  [ireltTTeil  to  the  ordinary  alio  of  diainteBtatiug  tho 
whotr  specimen  and  oblaining  n  ounfuml  msss  of  se[>arated  crlti. 
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pass  over  into  tbe  rarifly  shown  in  Fig.  69,  No.  18.     The  latter 
are  known  as  "toujugate  tells." 

PROSENCHYMA    rROrEK. 

25G.  Typical  wood-wlls.  Tbese  are  liest  illiistiated  by  elon- 
gated, often  {K>iiit<-d  eeils,  of  which  good  examples  are  found  iu 
tbi!  uimbium  layer  (that  is,  the  layur  of  merisnialic  or  formative 


Pio   W.    I>rawlnpi  nr  wn™l-Bl«iisni 
(tHx  iihltnl  wlt)i  RWli  Kthsr ;  IhiikoiiIIuI 
nllii  bnlMnl  iiy  ntjiuin'i  miuiton.    0,  ( 
)>n1M«l  bjrSclmlH'a  KilaOim.    T.  Tlw  wtr''! 
■hunniM  wpBrBM  hy  niMflnUnn,    a  Caijt 


viceiiiilit  »|j.  I.  WuaJ-|)«roiichjni« 
t,  a,  1  C"iiJii(»lB  Wiioil-iaruHul.yBin 
of  sidnlljr  airUleit  llbiin>rni  Hbna 
1  ilniTt.  8-lS.  Tcoloiia  gnnilli:  tlia 
.puniiKtij'iui 


11,  SliD|>lii  IHirlDirui  llbrg,  11.  S*|>- 
tela  IllirlPirm  flhra,  IS.  Porllaria  liyfrrniiHiirlai;  anO'>P>ia  HiliatiKito  61ir»  wrii  In 
radfail  iwiJnTL  Tha  ir<KBl-«lli  biw  oiiiriisil  In  oritxr  tint  tii  confnH  llic  itlnKnint. 
ST.  Raillitl  (ntlon  tbrnntb  Iha  wahI  -it  .Fatmi-li*  Maiilliol.  S».  Taiieon'lal  arviinn 
tbronrh  n  Uhriritrm  ULira  ami  (wa  pallt  rmrn  a  maihilliu'y  ray  if  the  anme  plant. 
WHB.  Bivl^vllii  nr  Cjlliiri«  I.»l.nn>um.  3ft,  Crom-m-tl"!!  Ihronili  »  put  of  ■  joati( 
bMI-hiinillaiicle'limliyrlilnmlnlManr  (tnc  in,  41.  43  (;io»-»eulluDa  tlinmgli  juoBg 
boit-cella,  iclcl  ori  by  cliluruluill  le  uf  ilxc.    (Sanlu.) 
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timie  jitfit  tinder  Uie  bark  of  dicotjlcdonons  plants).  Their 
walla  are  thm,  and  at  firet  nearly  or  quite  free  from  pita  or 
other  markings. 

They  graclo  into  three  constantly  recurring  forms;  namely, 
(1)  puroiiehym.i  (see  2J4)  ;  (2)  att«nuated  forms,  o(lea  so  sleu- 


^^S^b  to  deserve  the  name  of  Hbres;  (3)  forms  with  pecniiar 
markings  at  most  pointa  of  contaet,  and  thus  mu</h  resembling 
dauts  or  vessels. 


1  TnrhfiTU  from  TacIohb  gnntlU- 


Fni.  W,  Dr>*ingi  of  »ood.clnn«il>. 
Porllarla  briinuiiTlrlcB.  U.  C<HiJaE>i"  tiiMiltittB  Bbrn  hkd  m  tnnivrne  Kitiinn. 
M.  Ordlniuy  tulKiIiute  nbra  uliin-  nmeeradon,  IT.  18.  Conjngittc  aiilMliniii  flbrei 
altm  nuBnlkni  19-23.  Cjtiwi*  Luburnum:  t1ic  glrin«n<i  ippiiraxd  by  mmniiniL 
U.  Wug<l-piU«ncli7nikfll>M.  ».  Bubglltitis  aim.  II.  BliiiHv  llbrilVirni  ni>re.  2t.  Tm- 
•lnU.  &.  Crnta^Hilnn  Uimngli  tbe  rnml-liini  unit  jmmtfl  *w>l  nT  Cyitooa  lAl>ar- 
awm.  >f-n  llucl«rmn>HiUini<laA<|nlMliiin.  M.  Attar  niaorm' Inn.  SB.  I/inRltmllnBl 
MMMi.  28-41.  t>Di7l>  Itom  Klarii>-lnin,  HtHtntsil  tiy  niiiivrRil.in:  ■hnwlng  lbs  u- 
trsmlly  M1I7.  Xi-ai,  bacl*  trnm  Onnnwnlim  iwiuiIlilDa,  wn«ni'»l  by  maetntlnn. 
aa  Splnlty  markal  <lnct  fn-ni  Villi  iliilTcnt.  Htler  maett'illni.  38.  Ubrtbrni  t 
frwB  Jmroplia  llaiilbnC.     (Sanlu.) 
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2o7.  The  drawings  of  wood-elements  represented  in  Figs.  58 
and  59  are  from  Sanio's  work,  and  are  given  with  his  nomen- 
clature. The  cells  figured  in  Nos.  10  and  1(5,  termed  liy  Sanio 
substitute  fibres  (German,  Ei*satzfasern),  answer  well  to  the  type 
of  proscnchyma.  When  these  cells  are  much  reduced  iu  calibre, 
they  are  known  as  libriform  fibres. 

2r>8.  Ordinary  prosenchyma  cells  usually  have  simple  pits,  but 
no  true  spirals.  The  pits  may  be  round,  and  of  the  same  size  as 
those  on  the  ducts  with  which  thev  mav  be  in  c*ontact,  but  some- 
times  thoy  are  elongated  slits,  and  run  obliquely,  as  shown  hi 
Fig.  5i).  If  two  of  these  cells  are  in  contact  processes  may 
extend  from  one  cell  to  corre8i)onding  protrusions  in  the  other, 
and  thus  one  cell  is  united  with  the  next.  B}'  careful  macera- 
tion such  cells  can  be  separated,  and  then  each  appears  to  have 
one  or  more  rows  of  square  teeth  or  short  tubes.  It  sometimes 
happens  that  the  wall  at  the  end  of  these  intrusive  tul)es  is 
broken  down,  thus  allowing  free  communication  between  the 
cells. 

Good  examples  of  substitution  cells  are  to  be  found  in  the 
wood  of  Magnolia,  Liriotlendron,  many  Leguminosas  etc.  They 
are  not  so  common,  however,  as  conjugate  parenchyma  cells  (see 
Fig.  :)H), 

251).  Woody  fibres  are  of  two  chief  classes:  (1)  those  in 
which  the  narrowed  cavity  is  continuous  throughout  the  whole 
length,  and  (2;  those  which  have  partitions  dividing  it  (sep- 
tate fibres). 

The  first  class  has  been  again  divided  into  two  groups  depend- 
ing upon  the  presence  of  starch,  but  the  division  is  not  wholly 
sat  i  s  fact  or}'.  The  first  group  comprises  all  those  fibres  which 
have  a  trace  of  protoplasm,  while  those  of  the  second  have  also 
more  or  less  starch,  and  generally  some  tannin. 

All  of  these  woody  fibres  resemble  the  bast-fibres  of  the  inner 
bark  ol  dicotyledons  so  closely  that  they  have  been  well  called 
lil)rifonii.  They  are  described  by  Sanio,  from  whose  paper  on 
the  subject  most  of  these  names  are  taken,  as  Iwing  always 
spindle  or  fibre-form,  relatively  strongly  thickened,  and  occa- 
sionally furnishinl  with  bordered  pits  which  somewhat  resemble 
those  of  vasiform  elements  (2G4),  but  are  smaller  and  less 
clearly  defined.  They  never  have  true  spiral  markings,  and 
very  seldom  any  spiral  striation.  They  contain  during  the 
penods  of  rest  of  vegetation  in  winter  more  or  less  starch, 
and  perhaps  some  chlorophyll  and  tannin,  but  at  other  times 
only  air. 
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260.  The  iiRsoptntc  Hhros,  the  trnc  librirorm  celU,  are  only 
sparingly  piltod.  cxce|il  in  a  few  species  like  Oleantlcr,  where 
they  are  pitlcil  on  \xHii  the  riiilini  anil  tsngential  tvalls.  Tho 
pits  Ai-e  geneiiilly  clongntcil  aud  nliliqiie,  ami  according  to  Sauiu 
alnsys  running  fnun  led  to  right. 

261.  The  cell-nail  of  Uicsu  fibres  is  tilways  ligniGcI,  anil  pre- 
sents three  Iftycrs ;  anil  in  some  instances  Uicre  is  also  a  layer 
whici)  is  plainly  gelatinous,  e.  </.,  in  lietula  and  Alnns.  These 
gelntinizeil  fibi-es  are  not  round  in  all  or  Ihe  annual  rings,  nor 
in  ail  paila  of  even  one  ring. 

262.  Libriroiiu  cells  ore  variable  iu  length  in  dilTcrent  plants ; 
some  of  Uio  shortest  occiirriDg  iu  Daphne  Mezei'cnm,  .14  mm., 
and  the  longer  in  Avicennia,  2  mm.  In  all  cases  they  are  the 
longest  elements  in  the  mass  of  wood.  They  are  generally  sim- 
ple, hut  oecasionallj'  branehetl  cells  are  met  with,  as  in  Tilia  and 
CIndrastis.  They  are  sometimes  irregularly  gi-ottpod  together, 
sometimes  radially  arrange<l.  .S|)ecie8  of  Magnolia  exhibit  the 
latter,  Ulmus  the  funner,  mode  of  arrangement. 

263.  Scplntc  librifoi'm  cells  liavo  sometimcB  i>een  confounded 
with  wood-parenchyma;  but  Sanio  [wiuts  out  the  following 
distinctive  eharaclers:  (t)  tlicy  are  always  thicker  walled; 
(2)  they  have  oblique  slits,  while  wood-pai'enchyma  has  only 
roundisti  pits;  (3)  tliey  become  septate  only  afler  the  Ihickcn- 
itig  has  progressed  to  some  extent,  while  iu  wooii-pareuchyma 
Uie  divisions  begin  before  the  cambium  eelU'  from  which  it  is 
derived  have  ln-gun  to  tliicken. 

Septate  liliriTorm  cells  nre  less  common  than  any  other  woody 
element ;  examples,  however,  are  not  rare  in  Vitis,  ilcdera, 
and  Rubtis. 

264.  Vasiforra  elements.  Neittier  of  the  two  forms  already 
considered  —  namely,  typical  wikkI-wHs  and  woody  fibres  —  has 
distinetivo  spiral  marliings  nr  true  UonlerMl  pits  (that  is,  dis- 
coid markings)  ;  but  another  important  class  of  wooil -elements, 
of  which  mention  must  next  be  moile,  is  characterized  by  sucli 
ttiickenings. 

2C5.  To  this  class  of  elements  it  is  didlcult  to  give  any 
satisfactory  name.  They  have  Iwen  collectively  teimed  vascu- 
lar, but  a  large  [mrt  of  them  aie  comparatively  Hhoit  and  closed, 
and  cannot  Ire  properly  known  as  ducts  or  vessels;  the  name 
Tracheal   (or  Tracheai-y),   more  widely  employed,  is  open    to 
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Ilio  olfJ(*('tioii  tliat  while  it  is  a  8igni6cant  term  when  applied  to 
triichcH-liUc  iKxIios  ((hiets)  it  is  a  misnomer  when  applied  to  an 
(•lofi)j;(iU'(l  (t11  wliollv  free  from  annular  or  spiral  markings. 

2<J('i.  'i'raclieal  cells  are  of  two  chief  kin<ls :  (1)  those  which 
lire  cloMcd  thron<>:hoiit,  —  at  least  until  a  very  late  stage  of  devel- 
opment; (2)  those  formed  b}*  rows  of  cells  which  lose  Iheir 
Inti'rvening  partitions,  and  hence  arc  thrown  into  a  long  canal, 
or  vessel.  The  former  are  known  as  Tracheida^^  the  latter  as 
TrachccB ;  for  which  terms  uia}'  be  substituted  the  following, 
applicable  in  nearly  all  cases,  —  Wood-ceU  and  Di$ct. 

The  distinctive  markings  of  tracheids  and  trachea*  ai*c  bordered 
pits,  or  discoid  markings,  and  various  thickenings  of  which  the 
spiral  may  l^e  taken  as  an  example. 

Tracheids  and  trachea*  fuither  agree  in  the  following  point: 
when  complete,  the  protoplasmic  mass  disap|>ears,  leaving  gen- 
erally no  trace.  The  cavity  is  filled  in  a  few  cases  with  watery 
fluid,  in  some  with  water  and  air,  but  in  most  with  air  alone. 
Occasionally  other  matters  may  be  found  in  the  trachere,  for  in- 
stance, latex  ;  but  these  are  so  exceptional  as  to  need  no  further 
mention  at  this  |)oint. 

2G7.  Vasiform  wood-cells,  or  tracheids,  are  elongated  and  taper- 
ing cells,  more  or  less  lignifie<l,  and  having  peculiar  markings, 
the  principal  kinds  of  which,  although  previously  referred  to  in 
133,  require  a  more  extended  treatment  here. 

2G8.  Bordered  pits,  called  also  areolated  dots  and  discoid  mark- 
ings, are  ver\'  common,  especially  in  wood  of  gyninosi>erms, 
where   the}*   form   a  characteristic   feature   l)oth   in   fossil  and 

*  But  the  tei-m  frnchcldf  as  usually  undcrstooil,  is  applied  to  wood-cells  with 
peculiar  niarkiugs,  next  to  be  described. 

The  following  measurement^)  bySanio  show  the  diflTerencc  between  the  length 
of  Bome  tracheids  and  the  libriform  cells  in  the  same  ]>lant :  — 

Traclie'fds.  Libriform  cells. 

Khamuus  catharticus 28  mm.  .52  mm. 

iEsculus  Hipiwcastanum 26     •*  .43     " 

Daphne  Mezereum 15     **  .21     ** 

Ribcsnibnmi 49     "  .47     ** 

Where,  however,  the  tracheids  alone  are  present,  they  are  sometimes  much 
long(*r ;  f(»r  instance,  in  StaphyU'a  jiinnata,  1  mm.,  and  in  Philadelphus  coro- 
narius,  .85  mm. 

Acconling  to  Sanio,  the  bordered  pits  of  ducts  are  the  same  as  those  of  the 
traclieids,  as  regards  size,  fomi,  and  "Usually  as  n»ganls  frequency. 

Occasionally  tracheids  arc  fountl  which  are  plainly  septate.  It  thus  appears 
that  the  tracheids  form  a  gradation  between  true  ducts  and  libiiform  cells  with 
bordered  pits. 
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pine  st^m  is  i-at  ntiliftlly, 
j<Hl-(jL-ll8  cxliiliit  the  ilotteil  upiKar' 
uuiuber  aud  inodc  of  difitiibutiou  of 


receot  plants.     Whpii  the  wood 

the  flattened  sides  of  tln^  wooil-w 

ance  seen  in  Fig.  (10.     Tin 

tha  markings  in  the  wuo<t- 

oelto  or  trmlieida  of  Co- 

nifene  aiv  eu  nearly  con- 
stant,  tliat  they   mny  Ite 

used     wiili     consideralile 

eertaint)-  in  the  disLrimi- 

untion  of  n  few  genoi-a. 
269.     In   a    transvei'so 

section  of  the  mature  tra- 

clieida  Uie  discoid  marIC' 

inga  are  pininly  seen  to 

be  pits  having  an  arulied 

boiilcr      or       iri<iiti)plete 

dome,   and   it   is  also 

seen  that  the  thin  s|K)t 

or  pit  is   L-oiuuion    to 

two    contig;nuus    celb. 

Hence  tlie  two  domes,  "" 

Iwing  oil  op[>oBite  sides  of  a  parti  lion -wall,  have  a  lens  shape, 

and  the  central  pcifo rations  aic  nearly  or  exat-tly  op|K>site  each 
other  (Fig.  02).  Even  in  the  some  9i>eci- 
meii  tlic  bortk'ied  pits  vary  witiiin  com- 
liaratively  narrow  limits  liolh  as  regards 
the  size  of  the  disc  and  Ihat  of  the  central 

The  two  domes  making  np  a  single  dis- 
foiil  marking  arc  nt  fli-st  sepaiated  hy  a 
dc'lieate  plate  of  unequal  Uiiekness;  hut 
hiti-r  this  middle  lamella  may  be  broken 
ilown,  and  then  a  free  passage  extends 
fi'om  oflv  cell  to  the  other. 

The  chai-aeler  of  the  domes  and  tlie  mid- 
dle plate  can   tie  nnderslood  from  the  ac- 
companying lignres  of  seetions  of  the  elem  of  Pinus  sylvestris 
(Figs.  6i  and  63).     According  to  Sanio.  the  sections  should  be 
boiled  in  acetic  acid,  iu  oi'der  to  n-move  all  eel l-eon tents. 

ni»rkli<et  "t  ilio  in»I-«lla  {lTii.'hcI.I»  at  FMniu 
ft,  b  uaiumna  •wlluii;  c,  d<](Ulo|«nc»t  of  Uia 

.    TnunxamMolhinsafiwuljr perfect uulperCiKt 
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moi:phoix)gy  of  the  cell. 


The  cambium-cells  and  the  youngest  tracheitis  have  uniform 
and  smooth  walls,  but  in  those  next  older  there  api)ear  thin 

spots,  which  are  well  defined  above 
and  below,  but  not  on  the  sides,  for 
here  they  grade  off  into  the  thicker 
part  of  the  wall.  In  the  cells  which 
are  still  older  the  thin  places  take  the 
8lia|je  of  discoid  markings,  and  are 
clearl}'  seen  in  any  radial  view.  Com- 
parison of  radial  with  transverse  sec- 
tions shows  that  at  the  margins  of  the 
thin  places  a  portion  of  the  wall  ex- 
tc  nds  as  a  slight  projection  upwards, 
and  partly  over  the  sjwt.  In  the  more 
mature  form  the  thin  place  is  still  re- 
tained as  a  delicate  plate  separating 
the  two  cells,  but  easih*  broken  down 
perhaps  in  further  growth. 

270.  Scalarifomi  markings  (see 
134)  are  esiK*cially  abundant  in  ferns. 
The  bordered  pits  are  much  elongated, 
and  api>ear  as  clefts  with  onh'  narrow 
portions  of  the  wall  l)etween  them 
(Fig.  G4  /).  They  often  follow  each 
other  with  as  much  regularity  as  the 
"rounds"  of  a  ladder,  whence  the  name  (from  scalaria^  —  a 
flight  of  steps).    They  arc  more  commoul}*  found  in 

DUCTS. 

271.  Ducts,  or  Trachea?,  are  variously  marked  by  pits,  and 
by  the  thickenings  de8cnl)ed  in  Chapter  I.  Some  of  the  more 
common  forms  of  dots  are  shown  in  Fig.  64. 

Spiral,  annular,  and  reticulated  markings  are  all  formed  by 
the  thickening  of  parts  of  the  wall  by  which  narrow  lines  or 
bands  are  producc»d  on  the  inner  surface.  In  these  cases  the 
portions  of  the  wall  which  are  not  thickened  are  often  of  extreme 
tenuity,  and  bivak  u|>on  slight  pressure  or  strain,  permitting  the 
spiral  to  uncoil  or  the  rings  to  separate  (Fig.  64,  8  s'), 

272.  Spiral  markings.  The  number  of  threads  or  narrow 
bands  varies  from  one  to  fifteen  or  even  twentv,  the  latter  in  the 
IKjtioles  of  Musa.*    They  wind,  as  a  rule,  from  right  to  left ; 

'  Dc  liary  :  Vrrgleichenilc  Aiiatomie,  1877,  p.  163. 

Fig.  CT*.   rill  us  Fylrestris.  CroM-scctiuii  through  the  cauibium  and  youug  wood-cellB. 
(Strattburger.) 
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;,  according  to  Motil,  from  left  to  right  in  a  few  plants.  Thus 
in  tlic  wood  of  VitU  viiiifiii'a,  licrboris  viilgnria,  nixt  hodii'  others, 
Iht^f  mil  fVom  li^l^  to  light  in  tlie  iluuta  fli'st  furnitKl,  but  in  the 
revt-rsi:  dircLtion  iu  those  which  are  prochiiKil  lat«r.  And  hy 
intcrniiition  ol"  llie  epiral  it  may  bavo  two  directions  in  the 
same  duct,  as  in  iboac  of  Ciiuurbita.'    Tlic  Bteepness  of  the 


^^^m1  (Je|>ends  in  part  on  the  age  of  the  cell,  or  vessel,  —  st  least 
in  some  eases.     Aciconlin*;  to  Molil.  "  if  the  vessel  is  dcvelojwd 
11     in  an  oi^an  which  has  already  eompletcd  its  lonj^tiidinal  growth, 
)     the  turns  of  the  s|)iral  lie  dose  together :  btit  if  the  organ  under- 
I      goes  elongation  after  the  completion  of  tlie  developiueut  of  Uie 
vessel,  the  turns  of  the  filire  arc  drawn  far  apart  by  the  stretch- 
ing which  the  vessel  snlTere :  consequently  very  loosely  wound 
spiral  vessels  are  nsnatly  found  in  the  |>osterIor  first-formi'd  ]>or- 
tion  of  tho  vascular  bundle  nearest  to  [he  pith,  while  those  lying 
nearest  the  bark  have  close  coiivohitions,"' 

S73.  Annalar  anil  reticulated  marklnfs  have  lieen  regarded  as 
mechanioil  modi H cations  nf  spirals,  and  it  is  true  tliat  inter- 
mediate forms  exist  between  these  types.  For  instance,  tightly 
wound  spirals  are  nearly  auiinlar,  and  in  some  cases  there  are 
threads  which  run  either  vertically  or  oblii^uely  fh»ni  one  part  of 
a  spiral  to  tlie  eontiguuus  tliread.  But  even  iu  the  youngest 
states  of  some  ducts  the  markings  appear  as  rings  or  as  a  net- 


>  Molil:  VcnHia«.'bto  SJiririen,  1845,   |>p,   287.  321,  Uebet  den  Bbu  def 
BlDgzeKssc. 

>  Uol>l :  V.-g.-lAble  Cftl,  Eng.  Trans..  1853.  p.  19. 

Flo.  Sl.  rrrtlrnl  mlUI  Hrilon  oTIijipnpnr.Tl  of  Rlclniurafuniiin[i,ll1iutnlinE>imt- 
•nl  naHiliigi  ol  ducli;  I'  I,  pilleili  I,  KBlulfunni  t'  i,  >pln],  ILe  iplnli  bcgluBlng  W 
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work.  While,  therefore,  they  raa}-  and  probably  do  have  a 
<*oiini)oii  origin  with  spirals,  it  is  not  necessary  to  assume,  nor  is 
it  pr<)l)able,  tliat  they  have  resulted  from  mechanical  displacc- 
inciitH  of  them.  The  relative  iK>sitions  of  the  separate  rings 
may  l)e  explained  in  the  same  way  as  the  steepness  of  the 
fipirals.^ 

274.  Cases  are  met  with,  in  which  projections  from  the  wall 
may  extend  nearly  or  quite  across  the  cell-eavit}*,  somewhat  after 
the  manner  of  beams.  Such  cross-beam  cells  or  ducts  are  called 
trabecular.  A  good  example  can  be  found  in  some  of  the  trachel'ds 
of  the  leaf  of  Juuiperus  communis.^ 

1  •*  The  notion  was  extensively  held  that  the  spiral  fibre  could  not  follow 
the  expansion  which  the  vessel  iui<lenvent  during  its  growth,  and  tore  up  into 
fragmcntM  which  were  again  united  into  rings,  and  thus  brought  about  the 
formation  of  annular  vessels.  Completely  as  this  idea,  which  was  a  contradic- 
tion to  all  observation,  had  been  refuted  by  Moldenhatver,  it  remained  a  stand- 
ing article  in  all  phytotomical  writings  up  to  Meyen's  Physiologic"  (Mohl : 
Vegetable  Cell,  p.  21). 

*  De  Bary  :  Vergleichende  Anatomic,  p.  171. 

The  following  measurements  of  wood-cells  and  ducts  are  given  by  Wies- 
B^r  (Die  Rohstoffe  des  Pflouzenreiches,  1873,  p.  625)  :  — 

Average  diameter  of  wood-ceUt. 

Rhus  Cotinus 7.5  m* 

Ix)nicera  Xylosteon 9.8  ** 

Salix  Capraea 11.0  " 

VibuiTiura  Lantana 22.0  " 

Alnus  glutinosa 25.0  *' 

Fraxinus  excelsior 28.0  ** 

Average  diameter  of  ducts. 

Hpematoxylon  Carapechianum 112/1. 

Ctesalpinia  Sapi>an 120  ** 

Ochroma  Lagopus 140  ** 

Fraxinus  excelsior 140** 

Ulmus  cani|>estris 158  ** 

Tectona  grandis 160  ** 

Juglans  regia 220 

Carya  alba 248 

Quercussp 200  to  300 

The  ducts  in  the  foregoing  examples  arc  so  large  that  in  cross-section 
they  can  easily  bo  seen  by  the  naked  eye.  The  following  are  considerably 
smaller :  — 

Tilia  sp 60  A*. 

Acer  8p 71  ** 

Almis  sp 76  ** 

Rhus  Cotinus 80  *' 

Ik'tula  sp 85  '* 
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876,  TylwHS.  If  a  cdl  still  groming  is  in  contact  with  a  duct 
•t  nne  or  iimrc  of  its  i^errorations,  ttic  cell  may  intrude  into  tliG 
cavity  of  the  lint-t,  and  to  n  cdnsideiable  ostcnt.  Sut-h  iutruBive 
growtUs  are  known  as  Tyloses  (German,  Tbyllen). 

If  the  Intrusive  portion  of  the  tylosis  riirtlier  multiplies,  pn>- 
dudng  now  cells,  the  cavity  of  the  duct  may  contain  a  confused 
mass  of  irregular  cells  of  various  shapes  and  sizes.  Such  masses 
are  often  found  in  the  ducts  of  Qnercus  alba,  Q.  costaucn,  Q.  ma- 
crouarpa.  Q.  tinctoria,  Q.  vircns,  Castanca  vcsca,  Carya  aUia, 
C.  olivipformis,  C.  amam,  Jnglnns  nigra,  Sasaafras  nlllc-inalis, 
Morns  niliro.  Maehira  aumntiaca,  and  liobiiiia  I'sciidacacia.  In 
the  latter  they  are  especially  striking.* 


h 


BAST-FIBRES  (LtBER-FlURF.S). 
(Si'lcrcni-hjmaornutn;  rrcrnt  Qermiiu  nuthon.) 


I7(i.  The  name  b^it  was  originally  given  to  the  inner  bark  of 
tbc  linden  (bass-wood),  nild  heiu-c  originated  its  use  as  a  prefix 
in  "  bast- malting,"  etc. ;  the  name  liber  was  applic-d  in  a  more 
general  way.  namely,  to  any  sin<Kilb  inner  bnrU  (upon  which  one 
cuidd  write).  T.'int  which  iini)arl9  slix-ngtb  to  inner  bark.  mnk> 
ing  il  of  use  in  the  arts,  consists  uf  long  nn<l  longh  wile  with 
verj-  nnieh  reilnccd  calibre ;  but  these  ore  not  conflucd  liy  any 
means  to  inner  bark.  Owing  to  l^is  fact,  eomu  have  thought  l>est 
to  abandon  the  tcnns  bast  an<l  liber  for  such  cells,  and  adopt, 
on  account  of  their  firmness,  a  term  formerly  given  to  gril^ceils, 
namvly,  sclercnchyma ;  the  older  terras,  however,  arc  not  likely 
to  lead  to  confiision,  whereas  the  other  might.  Il  is  in  tlic  baik 
of  dicotyledons  that  Mber-celU  or  lilwr-llbrcs  occur  most  abun- 
duiUy. 

Their  prevailing  shape  is  that  of  a  slender  spindle,  which  may 
taper  simplj',  ur  may  be  somewhat  forkcil   at  the  extrcmitj'. 

■'fcllowing  can  bo  scin  Aiily  unJrr  «  lens  :  — 

uonjmiu  Eumpcns 20  u. 

■P»  «P 28  " 

^Wttua  «p SO  ■' 

•«««»"""  T'  -     .     . SB  " 

tjnu  coniinuHi*    ....,,.»,..,.  40  ■' 

I  Mr.  r.  H.  DuiUry.  who  couitnunirata  wimp  of  diP  nuiiet  in  tliii  1l>l.  nrlils 
'      tn  hii  ante  :    "3o  Tor  I  hare  never  found  my  ^Ioim  iu  Juct>  with  icalarKonn 
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Occasionally  fibres  wliicli  are  verj-  much  branched  are  met  ith, 
notably  in  tlie  leaves  or  Camellia,  for  inatanco  common  tcx  *  see 
Fig.  CH.  Geneinlly  the  walls  are  thickened  unevenly,  even  form- 
ing conspicuous  projections  into  the  cavity  of  the  cell;  while 
some  Qbrca  have  regular  and  characteristic  markings,  a  few 


of  which  are  shown  in  Fig.  Ci.  Septate  forms  nre  occasionally 
found.  The  change  in  the  character  of  the  cell-ivall  which  ac- 
compnnies  tlie  thickening  is  essentially  lignilieution,  like  that 
obseiicd  in  wood-cells  niul  ducts.  It  is  generally  said  that  the 
walls  of  liber-cells  nixj  less  brittle  than  those  of  tlio  elements 
of  wood,  and  this  is  commonly  so;  but  there  are  some  flexible 
wooil-clcmcnts,  and  lliero  are,  on  the  other  hand,  some  veiy 
biiltle  fibivs  of  scleivncliyma.  The  tliiekening  of  tlic  wali  in 
lihci-cells  takes  place  not  only  in  different  degivcs,  but  with  va- 
nations  in  the  amount  of  iuiiltration  of  foreign  matters,  which 
give  rise  to  differences  in  tlie  behavior  of  the  fibres  wilh  reagents. 
In  a  few  coses  the  inner  part  of  the  wall  is  somewhat  gehitinons 
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and  possesses  the  iwwcr  of  swi-lliiig  in  water  anil  In  ililiitc  aciils 
(comiuij'c  ColleiiLliyiiia) ;  in  some  others  the  outer  part  of  Ihp  wall 
is  goialiiKiiis.  while  tlic  iuiier  is  hnnl.  Munis  alba,  Gleilitschia 
triae&ntlios,  niid  Rubiiiia  Pseudaouv'iu  aiv  exuiniileti  of  the  Hist, 
Astragalus  fuk-atiis  of  tho  second,  eoniliiioa  (Snnio). 

277.  One  of  the  most  striking  tharactors  of  tho  bastrfibi'ea  of 
many  |>laiits  is  the  abiimlanee  of  crystals  fuiinil  llit-ix>iii.  Ex- 
cellent exiimiilt'B  aif  aHbitWd  hy  Ibu  imier  bailt  of  some  of  oni' 
ligneous  plants  (2!I4). 


278.  The  flrra  attachment  of  flbi-en  to  tliose  abuve  and  tliose 
below  lhi!in  lias  given  rise  to  eiToneoiis  ideas  rehvlive  to  the 
length  of  single  flhrcs,  »s  tho  tabic  on  the  following  page  slioirs.' 

By  careAil  managemoiil  it  is  possible  tu  isulntc  a  couneelod 
thread  of  fibres  of  great  length ;  the  value  of  libres  for  textile 
puri)oses  dei^cnds  largely  u[K>n  this  fact. 
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CUIBItOSE-tELLS. 


Zn.    CiibroM-oaUa,  SieTe-cella,  or  Siave-tubM. 


279.  In  the  inner  l>aik  of  stems  ol'  ilii 
stnittiive  leitniii  lung  idls  of  |ieciiliar  v 
socUteil  witU  liast-tlbi-es.  Tiicy 
are  of  tubular  or  prisinotic-  ronn, 
itnil  are  clinrattcrizcd  by  tlw->  jii-es- 
piiufi  of  di-euinscrit)e<l  i^iaiicls  in 
the  wnlU,  iu  wliicli  arc  iiiimtToti^ 
fine  perforations  permitting  i-old- 
mnuio&tiun  between  contiguous 
cells.  The  panels  me  knoivu  as 
sie vc- plates :  tlic  ijeifoi-.ilions,  as 
Bieve-l>oi-e8.  Tlicsc  cells  consti- 
tute un  essentinl,  tliuiigli  liy  no 
meoiia  always  a  conspicuous,  element  of 


luilons  Willi  normal 
icter  are  found  os- 


flbro- vascular  bu  nil  lea. 
Taken  collecti^■ely, 
they  may  !«  known 
as  eribriform  tissue. 
Hy  tlicir  union  end  to 
end  they  api>eur  liku 
long  tulies  with  the 
euntiuiiit)'  '.iiterrnpted 
hero  and  there  bjei'oss 
[lartitions.  These  par- 
titions whieli  separate 
the  individual  cells 
arc  sometimes  nearly 
horizoiital,  but  more 
generally  oblique,  as 
shown  in  the  annexed 
figures  where  they 
mostlj'  cut  the  lateral 
wall  of  the  cell  at  a 
sharp  angle. 

280.  The  walls  of 
oribrose-cclls  are 
never  ligniBed  ;  on 
ttie  contrary,  tlioy  are 


bmw-plam  Bra  raiiip»e>1  orcalliu  G5lln>lin.  Hllliig 
'V*.    (■runcannkl  1 

Fid  71.    CribRiH-MllilnVltlKliiJIMa:  ^.Imlu 
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very  soft  ami  colorlesa.  Owing  to  tlieir  jieliiing  cliaractcr,  it  is 
not  easy  to  make  Sfttlsfaclory  sections  I'or  tlieir  (lemonslrnlion, 
from  fresh  niat«nal ;  it  is  heller 
to  keep  llie  mnterinl  ia  alcoliol 
for  a  wliile,  or  to  dry  it  care- 
ftilly.  as  liassow  advises.  All 
sections,  to  slioir  the  sicve-celis, 


must  Ik)  very  tliiii.  Tlie  following  measurements  of  single  lar^ 
cells  given  by  do  Bary  serve  to  indicate  tlitir  wide  range  in  siie : 

Lengfb.Dim.  Trai^ivtm  dlaruf  ler.  lom. 

Cucurbitii  Pppo a70-.4;,O  .      .     .     .045 

CaUmua  Itotnlig .     .     .     .2.000  ,     .     .ri30~.0:;u 

Pctaniogetoii  111  tans      .     .     ,275  .     .     .     .025 

Vicis  viiiifem 6  ... 

281,  The  sieve-plales  occur  at  tlic  {mints  of  contact  of  sieve- 
cells.     They  arc  nlnajs  fonntl  at  the  entls  of  the  cells,  nnil  may 

otili  imlMlnl  I'}  inHMmll'in :  llie  (cpiH  nrn  In  ihrlr  winicr  UaU.  B,  branching  or 
crlbRWC-nll  Imlntwl  hj  mFwrmllnn.  i.ianif^iiiinliiei'linn  nmpten  mwluiriirj-rBi'.slinw- 
Ini  Lhs  IriuMirem  iiiiiutaniiiilgarcrlbniH-cellB;  tlie  cbDii*  M  tlie  Miiiivb  In  ii>  wlntat 
■UW-    (WllliBlni.) 

Fin.T?.  Orlbn«»««llii  In  Virta  Tlnircnt.  Iri)n|[1tiiillniiU*ngBn<lBlHrlli)n  (beftlniiinf 
of  JiilyllhrMigh  thnhatt  uf  itnlom  I  cm.Ililcik.  it,  (!Fi)irM>-.cellii.  Un  otitiqiir  oft  well  ■■ 
on*  hnritimtal  ptirninitol  H9|itiimi"il  lniiKltiuIliwlij,  Thofliceof  one»iituin.  IiowsTsr, 
toalMwiiAl  H.i"iii)iwrp«rtottli«nsurB;  n".  mwliilliiry  rnjfs     (Dt  Itarj.) 

-«  Pepn     Lrnigltnillnnl  lectlrm  shriwlin  tprmliinl  •leve-iiUtM  at 


aUter 


.-  P\  c- 
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fikcwIsG  appear  upon  tlie  lateral  walla.  When  the  tprminnl  pnr- 
tilions  aro  lim-izunlal.  or  neiirly  so,  lliev  ari>  cross-plates,  tlio 
wliole  partition  rormlng  one  plate;  but  on  very  oMiqiio  eiiHs  the 
platen  may  lie  separaletl  and  lie  in  oue  or  more  rows.  The  plates  on 
the  trails  are  smaller  ami  irregularly  distributed.  On  parts  of  tlie 
wall  oonligtioiis  to  cells  of  any  otiier  kind  then? 
may  he  dots;  there  is  yet  some  doubt  as  to 
whether  they  are  perforations. 

The  diameter  of  tlie  sieve-pores  ia  given  liy 
Uolil  as  not  far  from  2  p :  but  nlt])oii|;li 
an?  even  5  n  in  diameter,  the  fonnLT  figi 
too  higb  for  tlie  tivorage. 

28J.  That  which 
is  cliaraeteristic 
of  sieve-plates,  in 
diatinvlion  from 
groups  of  perfo- 
rations elsewhere 
found,  is  a  thick- 
ening mass,  of 
bluish  lustre  and 
spparentty  homo- 
geneous struc- 
ture, known  tcch- 
niitally  as  tiic 
aiiln«.  It  is  best 
shown  nt  the  ter- 
minal plates,  es- 
pecially alter  the 
application  of  a 
Bohition  ofimline 
whicii  turns  it 
yellow,  and  makes  '* 

it  more  sharply  dulincd.  In  concentrated  sulphuric  ncid  auii  in 
thu  strong  alkalies  this  mass  swells  up  so  as  to  he  several  times 
its  original  size;  and  in  the  former  it  soon  dissolves,  leaving 
only  slciider  threads  in  its  place.     The  character  of  the  callus 
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Tm>.  7S.     PInni  •jliotrli.    ' 

walJ.  Tliepnn»..rMn<l>nnlii^ 
vhiiili  ilif  mlliil'H)  tictvmrh  rr 
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snnlnitl  t>«rTlll<iii.  A  (uln  Inxirteit  Dpnn  Uw  nvlM 
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mul.    TuivmUi^  •kUob.    i^.    (JkncMnkl.) 
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varies  with  the  age  of  the   cell  and  with  the  time  of  year,  as. 
shown  in  the  figures. 

283.  Anilin  bhie  is  the  best  pigment  for  bringing  out  the 
form  of  the  calhis  clearly.  If,  as  Russow*  recommends,  its  use 
be  supplemented  by  that  of  Sehulze's  iodide,  the  callus  ma}*  be 
seen  to  be  made  up  of  at  least  two  portions,  distinguished  by 
the  depth  of  color.  In  3  oung  and  active  cribrose-cells  the  callus 
usually  ap|)ears  to  be  a  gelatinous  layer  on  each  side  of  the  sieve- 
plate  ;  in  most  old  cells  it  is  no  longer  seen. 

284.  Contents  of  the  cells.  In  the  younger  and  active  state 
just  referred  to,  the  cells  contain  a  watery  licjuid  which  holds 
more  or  less  granular  matter,  and  the  walls  are  lined  by  a  delicate 
film  of  protoplasmic  substance.  That  the  callus  is  also  of  a  pro- 
toplasmic nature  is  not  clear,  although  some  of  its  reactions 
suggest  this.  It  frcquentl}'  contains  minute  granules  of  starch, 
which  sometimes  give  a  bluish-brown  color  with  iodine,  like 
starch  which  has  been  acted  on  by  diastase.  Russow  thinks  that 
a  ferment  is  present  in  the  cells  in  their  active  state.  When 
old,  most  cells  lose  not  only  the  callus  but  also  the  gi*eater  part 
of  their  other  contents.  In  active  cells  there  are  frequenth' 
found  very  small  but  brilliant  globules  which  arc  albuminoidal. 
All  the  contents  above  mentioned  var}*  within  certain  limits  at 
different  ])eriods  of  the  year. 

285.  The  sieve-cells  of  the  higher  cryptogams  have  been 
shown  by  Janczcwski  ^  to  be  nearly  if  not  quite  imperforate  at 
all  seasons.  In  gymnosi)erms,  they  pass  through  two  periods : 
the  first,  or  the  evolutive,  in  which  the  plates  produce  the  callus, 
the  cells  themselves  containing  parietal  protoplasm  ;  the  second, 
or  passive,  stage,  in  which  the  protoplasm  disappears  entirely, 
and  communication  between  the  contiguous  cells  occurs.  In 
monocotyledons  and  dicotyledons  the  cells  have  four  periods; 
namely,  the  evolutive,  the  active,  the  transitory,  and  the  passive. 

rv.    Latez-oellB,  Latez-tobes. 

286.  Certain  plants  when  wounded  exude  a  milky  juice  known 
as  latex.  They  belong  to  witlely  separated  orders  ;  for  instance, 
to  Papaveraceoe,  Campanulacere.  Asclepiadaceae,  Urticacece,  etc. 

The  cells  in  which  latex  occure  are  characterized  by  a  sofV 
ness  of  cell-wall  which  renders  them  easily  compressible  ;  hence, 


1  Annales  des  Sc.  nat.  bot.,  s^r.  6,  tome  xiv.,  p.  167. 
'  Annales  des  Sc.  nat  bot.,  ser.  6,  tome  xiv.,  p.  50. 
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booiuleii  by  turgcsc-ent 
tissues,  thfii'  oiinU'iilH 
readily  i-acaiHt  tliiwiigli 
auy  i[ii':isioii. 

Lntes-wlU  ai^  iiol 
restricti'ii  to  luiy  oik; 
organ  of  the  plunt,  but 
may,  and  gene-tally  <Io, 
ott'ur  iu  all  parts,  ami 
may  be  associated  nitli 
tnuru  ihun  one  tissue- 
system.  They  are.  lio«- 
i-ver.  usually  fuiiuil  in 
IMtreRL-li.vRia,  oixl  run  in 
tliL  same  gtuLml  diiet 
tion  tB  lilt  ilbrw-\  ae(  iilai 
bundles  iieai  itliuli  \he\ 
Ui*      lor  LuiMLimiK'c    tlin  iua\  be  di 


idtd  iiitu  llie  simple  and 
tilt,  tiniiplex 

i>^7  1  he  simple 
f  itn^  arc  Single 
i<ll~  hIikK  ma^  lie 
11111  li  and  \niloiialj 
br.iKliul  Sulisi;- 

ijiKiit  to  the  de\i.l 
o|  Tin  ul  of  one  of 
tliiM.  tdls  Ml  1  plant, 
and  nlicii  it  his  e\ 
UniUi  Its  lamifita- 
lloiis  lliloUl^linUt  tile 
dilkimt  ur'faii^  a 
mw  (ill  niaj  inde- 
pfiiluitli  gne  nso  to 
new  liianLliiiigs,  and 
to  a  m  n  s\  sti  ni  some 


of   ihi.    hiamhei 


of 


Lald[-lnb«  oiiniimMil  of  ci:naaa 


the  In  >  (ills  pirlmps 
biinrning  confluent 
GiHxl  ■  vnmpksoftho 
simple  forms  are  af- 

iiluuluui  mnjua,  iJumliif  latex- 
.  In  the  root;  fr,  hi  Um  iMm  a( 
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forded  b}' the  following  oi*ders,  —  Asclepiadaceae,  Apocynaceae, 
and  Euphorbiaceip. 

The  complex  forms  consist  of  ix)ws  of  cells  which  coalesce  to 
form  a  latex-system.  The  individual  cells  may  have  their  parti- 
tion-walls broken  down  very  early,  a  mere  vestige  of  them  remain- 
ing ;  or  the  partitions  may  be  simply  perforated,  so  as  to  allow  a 
free  communication  between  contiguous  cells.  Moreover,  the 
confluent  cells  may  be  c*onjoined  laterally,  thus  constituting  a 
complicated  network  which  runs  through  the  plant. 

288.  Occasionally  roundish  groups  of  perforations  resembling 
in  a  few  pailiculai-s  those  of  sieve-plates  are  found  in  the  latex- 
cells  of  Papaver  and  some  Cichoraceae  ;  but  the}'  are  coarser  and 
more  iiTegular,  and  are  devoid  of  the  peculiar  sieve-plate  struc- 
ture. Moreover,  no  true  intermediate  forms  have  been  proved 
to  exist  between  the  two  kinds. ^ 

289.  The  wall  of  a  latex-cell  is  oft^iu  verv  thin,  and  free  from 
any  markings ;  but  with  even  slight  increase  of  thickness,  stria- 
lions  and  stratification  make  their  appearance,  projections  may 
extend  into  the  cavity  of  the  cell,  or  even  spirals  may  be  present 
In  character,  the  cell-wall  possesses  many  of  the  peculiarities  of 
collenchynia,  especially  in  its  behavior  with  iodine. 

290.  That  the  cells  contain  a  protoplasmic  lining  is  highly 
probable,  but  this  has  not  yet  been  satisfactorily  demonstrated. 
The  liquid  in  the  cells  consists  of  granular  mattei*s  suspended  in 
a  watery  fluid,  and  imparting  to  it  a  milky  appearance.  Often 
the  color  of  the  li(|uid  is  yellow,  as  in  Argemone,  or  orange,  as  in 
Chelidonium.  The  watery  fluid  contains  in  solution  sugar,  gums, 
resins,  traces  of  albuminoi<l  matters,  and  various  principles,  for 
instance,  alkaloids  (like  morphia),  and  organic  acids. 

The  suspended  matters  are  of  minute  size,  with  the  excep- 
tion of  peculiar  forms  of  starch -granules.  When  perforation 
is  made  in  the  latex-system  of  a  turgescent  stem,  these  granules 
can  be  seen  to  move  towards  the  point  of  injury.  The  same 
movement  can  be  observed  when  the  pressure  on  one  part  of 
the  stem  is  materinllv  increased ;  and  hence  arose  the  erroneous 
belief  that  there  is  a  circulation  of  latex.'* 

291.  Upon  exposure  to  the  air  latex  coagulates,  and  forms 
upon  drying  ji  sticky,  elastic  mass,  which  in  some  plants  is  suffi- 
ciently abundant  to  furnish  the  india-rubber  of  commerce. 


*  D.  H.  Soott :  On  the  development  of  articiil.ited  laticiferous  vessels. 
Joum.  Mic.  Science,  1882,  p.  144.  An  intere.sting  account  is  also  given  by 
de  Uary,  from  note^*  by  S»:hnialliansen,  Vergleicbende  Anatomie,  p.  205. 

2  S<!hultz  :  Die  Cyklosc  des  Lebenssaftes  in  den  Pflanzen,  1841,  p.  282. 
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292.  Individual  cells  (idiolilasts)  may  differ  greatly  from  thdr 
neigbbors  aa  raspetits  their  t«>ii tents,  bticli  t-ells  may  be  well 
named  nftcT  their  elmrneteristii:  conleuts ;  as  eiystul-LTlls,  resiii- 
cells,  niueilagc-celU,  taniiiii-eells,  etc. 

2'JA.  Tlipy  vary  nineli  iii  sbaiio  and  size.  Frequently  ibey  are 
not  readily  distinguishable  fi-om  their  iiumediatc  neiglilturs  by 
onytbiiij;  except  tbeir  eonl£nts.  In  uUicr  cuees,  however,  tlicy 
may  n&eume  forms  widely  dilTerent  from  tbuse  uf  tbe  eelU  aruund 
them,  and  niny  also  be  distinguished  by  ilieir  size.  Tliey  arc 
often  BO  asaodnteil  ti^eilwr  as  to  form  "glands." 

2U4.  C'l-i/ntul-ccU".  These  souietiincs,  us  dc  Burj'  [Kiiiits  out, 
curiously  resemble  the  shape  of  the  crystal  or  groups  of  crystals 


■which  they  contain.  Tims  globniar  clusters  are  generally  con- 
tained in  spherical  celb,  elongated  prisms  in  clongatcil  cells 
(as  in  Quillaja).  "In  many  trees  each  earabium-cell  (as  it 
develops  iuto  a  bast-flbre)  may  lie  divided  by  diagonal  partitions 
into  numerous  (20  to  30)  chambers,  tbe  bright  of  ivhicli  is  about 
tllo  same  as  tlic  widtb,  and  each  is  filled  by  n  crvslal  or  a  small 
vlast«r.  In  this  case  tlic  general  outline  of  tbe  original  cambium- 
eell  remains  unaltered,  arid  the  whole  row  of  coinpartmcnta  may 
be  bolatcfl  as  a  chambered  Rbre."'  Tbe  bast-cells  containing 
crystals  have  been  already  noticed. 

aOa.  Jicsin-ctlh.  lu  a  large  numl)er  of  plants  sort  viscid 
substances  are  present,  wbich  cxudo  when  the  ti.ssuea  are 
wounded.  They  may  be  roughly  classed  into  (1)  Balsavis,  in 
wbieh  resinous  matter  is  mLxed  with  a  considerable  pitiportion  of 


bin.  TtDia  Ixaiat  tr. 


1  De  Bury  ;  VergUichi'iiiU  Aimtomiv,  p.  145. 
I.    Cryu«l.ooll> :  a,  (Tom  Uia  iwtlalo  of  BcgoiitmniuikitUi  ft.ftodlwlthn 
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one  ur  more  essentbl  oils,  formiog  a  tfak-kisli  [iqnid  ;  (3)  Staini, 
wbioLi  iiivc  MHU|>3rativch-  litllo  esscotial  oil  commingled,  aud  are 
of  various  gnuiea  of  lianlucss:  (3j  Gum-re*in»,  or  resiiis  hav- 
ing more  or  leMi  mudlagiiioii9  or  gummj-  mattera.  To  the  latter 
t-ias.'^  are  soiutliiuc:!  rercrred 
the  products  lett  by  the  drj'ii^ 


of  many  milky  Juices  (latex) ;  of  Biich,  caouti-liouc  is  an  ex- 
ample. All  the  forL'going  siihstniices  may  be  Tound  iu  singlfl 
cells,  which  fire  of  veiy  diverse  fonns. 

2!IC.  Roundish  ecHs  of  this  chnracti-i' art- fonnd  in  the  Mag- 
noliaecffi  and  some  (.'oriii>ositae,  etc.  Long  ct-Ils  are  to  be  de- 
tot-tcd  in  some  Liliaeca;,  etc.,  and  tliey  arc  connected  by  many 
intcmiMlintc^  formt  with  resin-dncts  arising  from  the  coiifluenee 
of  Bcv<!ml  tells.  On  tlu!  ()tlier  hand,  they  |)ass  liy  variuns  gra- 
dations into  atrniliiri's  which  arc  generally  ivfcni'd  to  the  latex- 


Fio  : 


"iiirli  niu  Icnf  of  I>«ni1 


niiit"liiI>l<^tiiinmiiiFrnxliirlU:  J.  Jl  r- 
lo  nf  tl.«  Elaii'l-tlfliOF:  <l,  (Ih-  imariiii  la; 
aliiraBiln>|iut<iL    (lUBler.) 
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agrBUm.  To  this  Byetom  slioulil  |»erba[>9  lie  referred  also  n 
0U3  case?  of  [Agmcnt-cvn^,  Hko  those  in  the  i-oiiU  of  inndder  and 
rhubarb;  also  lite  [M-'iiiliar  Ixxliea  seen  iit  the  jwriplii-'iy  of  Ihu 
pith  or  Sniiibuctis,  and  llie  niilk-s)i(.-s  of  some  siwdcs  of  Acer. 

297.  MuciUige-cdU  arc  lai^r  tliaii  tlio  surrounding  cells,  aud 
BomctJiui's  closelj-  i'c§enili1o  iiitereylUilar  spai-os  filloil  willi  iiiuci- 
Inginoiis  iiiatlcr.  lu  some  iiistaiieeB  tliu  iiiiicihigc  in  dist'mctly 
refembl'^  to  changes  in  Mm  t^nlenls  of  Llic  cell,  in  otiiers  to  a 
ftUorgatiization  of  a  [loi'tiun  of  tlie  wall,  while  in  still  others 
bolli  8C»n«a  may  bu  recognized,' 

298.  Cells  containing  laiinin  iu  vcrj'  lai^  amounl  are  fre- 
quently met  with,  but  tliey  do  not  call  for  aptcial  remark. 

290.  Itesins  and  the  like  arc  funiid  not  only  in  Bingle  (vlla 
hut  ftlvJ  in  »|mees  forinwl  by  the  breaking  dowu  of  the  interven- 
ing walh  of  oc11-cIubI«i-3  of  various  shapes  ;  hence  various  forma 
of  j^c-'otaclcs  for  tbcsc  siilistanecs  may  be  looked  for. 

LVTEHCEtLULAR  SPACIiS. 

300.  The  walls  of  cL'lts  still  capable  of  division  arc  generally  to 
nnbi-oken  contact;  but  as  dilfereutiation  goes  on  Uiey  may  be- 
come scpnrateil  more  or 
lesa  by  unequal  grontb 
or  by  a  lii-eaking  down 
of  inlermcdialc  wlls.' 
The  intti'it'llular  spaces 
thus  furmitl  may  lie  mere 
chinks,  or  Hiey  may  be- 
come chnmbera  of  large 
flizo.  Tliey  niaj-  con- 
tain meivly  air,  or  air 
uitl  watery  sap.  or  most 
of  the  mattei-s  descrilied 
in  the  previous  scutioiis. 

Air-spaces  in  the 
looser  tissues  of  piniils 
are    geuc rally    so    con-  g, 

>  Tie  ilelails  ol  this  suliject  cvi  W  foaud  in  PrinKs.  Jahrb.,  i,  161  (Fnmk), 
■Dd  Aiiimles  ira  Sc.  nat..  ait.  S.  tnmc  !.  ]>.  l;6  (PHlheui). 

*  The  first  mode  of  its  nlnj  mien  t  of  Inlnrcelliilnr  space*  lits  been  tcnocd 
lAitogmiet  tliu  latter  Ij/rini-nic  ;  nionwvcr,  a  dliliiii-lian  iiiny  lie  mwle  Iwtvwn 
thane  iutcKElliilar  spavei  which  are  farmed  whrii  llie  tiisuos  begin  to  diSenn- 
tiale,  ~-  jirutajetyk,  —  kud  tliou  ronnwl  in  older  tisniiiw,  —  hijii/erogenie. 

tia.»L  TnuiiTonc  iwvii'ni  iLr»iiili  I  lie  Mem  gt  EUlhie  AJiinuttam,  *ha>W[  kr|i 
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nected  throughout  the  plant,  and  commanieatc  so  directly  with 
the  btoraata,  tliat  the}'  constitute  au  apparatus  for  bringing  the 
interior  of  the  structure  into  close  relations  with  the  outer  air. 
Sometimes  the  aggregate  volume  of  the  air-spaces  is  ver}'  large 
in  proportion  to  the  voUime  occupied  by  the  cells  themselves.* 

In  composition,  the  air  within  the  plant  usually  differs  from 
that  of  the  atmosphere  in  containing  a  larger  proportion  of 
nitrogen.  If  the  air-spaces  are  much  smaller  than  the  cells 
which  surround  them,  the}'  are  termed  interstices;  if  about  as 
large  as  the  cells,  lacuncs  ;  if  conspicuously  larger,  air-passages 
or  air-chambers.  Two  chief  forms  of  lacunse  are  distinguished 
b}'  de  Bary ;  namely,  cavities  sun-ounded  by  cells  which  are 
more  or  less  branched,  and  those  surrounded  by  plates  of  cells. 
Good  examples  of  the  former  are  afforded  by  many  water-plants, 
rushes  and  the  like ;  of  the  latter,  by  the  stems  of  man}-  Araceae, 
for  instance,  Acorus  Cahimus. 

301 .  The  c*ontinuity  of  the  larger  air-passages  may  be  inter- 
rupted by  plates  crossing  at  an  angle  (generally  slightly  oblique). 
Such  dividing  plates,  termed  diaphragms,  are  frequently  com- 
plicated in  their  stiiicture. 

302.  Hairs,  sometimes  much  branched,  are  found  in  the  larger 
air-passages  of  many  plants.  These  form  the  stellate  structures 
in  the  Nymphaeaceae,  and  the  *'  H-like"  cells  in  some  Araceae. 

303.  Intercellular  spaces,  usually  those  of  small  size,  may 
contain  water  together  with  air.  This  is  the  case  in  tlie  cavities 
under  the  water-pores  of  Fuchsia,  etc. 

304.  When  intercellular  spaces  contain  resins,  oils,  and  the 
like,  they  constitute,  together  with  the  simple  cells  described  in 
295,  the  structures  loosely  called  internal  (/lands.  Often  these 
are  merely  irregular  spaces  left  by  the  breaking  down  of  one  or 


*  The  following  measurements  are  taken  from  Unger  (Sitzungsb.  d.  Wiener 
Akad.,  xii.  373). 


Name  of  plant 

Parts  examined. 

No.  of  parts 

by  volume  of  air 

ill  1(H)0  parts 

of  the  plant. 

Paftpalum  setacenm. 
Miixii  napieiitum. 
NicotiHiia  Taliacum. 
Rnighioa  Rapa. 
n<%;<tiiSa  oianicata. 
Canii'llia  .JafKHiica^ 
Prmiui  LaiiriKrerasoB. 
Aiiculta  *)a|M>iiica. 
Anlisia  creimlatak 

Four  leaver  will)  tbcir  sheaths. 
Piece  of  tlic  leaf -stalk. 
Leaf  with  leaf-t»talk. 
licaf  with  loat-stalk. 
Olio  leaf  with  it«  Htalk. 
Two  leaves  with  tlielr  stalks. 
One  leaf  with  its  stalk. 
Olio  leaf  with  itj«  sUlk. 
Pour  leaves  with  sbort  stalks. 

C8 
480 
2.'MJ 
175 

fifi 
224 
219 
273 
220 

RESlS-l'ASSAGES. 


101 


Store  cells,  but  they  sometimes  have  a  remarkable  regularity  ol 
form  and  denrncss  of  outline. 

It  ha8  been  oliaencti  lliat  these  spaces  filleil  with  resiuous  and 
otber  umtlers  aif  not.  as  a  nile,  met  willi  in  the  plants  which  are 
provideij  witli  the  simpler  receptacles,  eunsisting  of  single  cells 
or  small  groups.     Ue  Bary  classiflcs  these  resiu-posaages  and 


spaces  as  follows:  (1)  those  i)as8ages  which  contain  mucilage 
and  gtims,  as  llioso  in  llie  Cycails,  sijeeies  of  C'anna.  Opuntia, 
and  some  Araliaeeffi ;  (2)  reain-canala  and  cavities  eoniaimng 
rrains,  ethereal  oils,  emulsions  of  resinous  gums,  et*.,  variable  in 
quality  in  different  oases;  a,  passages  or  canals,  as  those  in 
Coniferae,  Alismaccot.  Aroideffi,  tlie  lubuli- flowered  Compoaitie, 
Umbellifene,  Araliaeea;,  Anacardiat^ie;  6,  short  cavities,  as  in 
species  of  Hypericum  and  the  true  Rutaccffi.  many  species  of 
Oxalis  and  Myrlaceu.-,  and  some  species  of  Lysiiiiaehin.  The 
cells  whicli  surraund  the  more  complete  cnviiies  ore  so  dilTerent 
from  tlie  neighboring  parenc^lJ^na  that  they  have  been  termed, 
colleetively,  the  epithelium  of  the  spaces. 

It  is  not  fully  known  in  what  way  tlie  various  resinous  and 
mucilaginous  matters  are  produced  in  the  cavities.  In  some 
instances,  at  least,  the  matters  appear  at  a  very  early  stage  of 
the  development  of  Oie  cells  which  arc  afterwards  broken  down 
to  form  the  cavity.  The  si>ecial  eases,  like  those  of  the  Myrta- 
ces,  in  which  the  cavities  contain  oil.  are  licst  for  pur|H>ses  of 
study,  because  they  are  so  frequently  to  Ijo  found  in  the  thinnest 
leaves,  and  at  an  early  stage  of  development. 


ID  of  pan  of  leftlorPlnaiLarlcIc 


CHAPTER  III. 

MINUTE    STRUCTUUE   AND   DEVELOPMENT    OF    THE   BOOT, 
STEM,   AND  LEAF   OF  PH-ENOGAMOUS  PLANTS. 

GENERAL  CONSIDERATIONS. 

305.  The  tissue  elements,  described  iu  the  preceiiing  chapter, 
are  aminged  in  various  ways  to  form  and  connect  the  organs  of 
the  plant.  If  elements  of  the  same  kind  arc  unite<1,  they  consti- 
tute a  tissue,  to  which  is  given  the  name  of  those  elements ;  thus 
parenchyma  cells  form  |)arenchyma  tissue  or  simply  |)arenchyma ; 
cork-cells  form  cork,  etc.  A  tissue  can  therefore  l)e  defined  as 
a  fabric  of  uniteil  cells  which  have  had  a  common  origin  and 
have  obeyed  a  common  law  of  growth. 

Tissues  are  united  to  form  st/st'.ms:  systems,  to  form  organs, 
30G.  In  nearly  all  plants  with  which  the  present  treatise  deals 
there  is  some  kind  of  fmmework  consisting;  mainlv  of  the  more 
elongate^l  cells  and  ducts.  This  framework  runs  throughout 
the  entire  organism.  It  is  surn^unded  by  parenchyma,  in  which 
other  tissue  elements  may  also  occur ;  the  epidermis  in  some  of 
its  modifications  covers  the  whole. 

307.  Tlie  thixH?  chief  systems  found  in  plants  are,  therefore, 
the  fascicular,  the  cellular,  and  the  epidermal ;  and  these  corre- 
spond in  a  general  way  to  three  classes  of  functions.  In  the 
cellular  svstem  are  found  the  active  cells  bv  which  assimilation, 
the  proper  work  of  the  plant,  is  etfecteil ;  the  fascicular  system  is 
largely  conductive,  and  serves  also  important  mechanical  ends ; 
the  epidermal  system  brings  the  assimihitive  apparatus  of  the 
plant  into  safe  relations  with  the  suri-oundings. 

No  discussion  of  the  cellular  and  epidermal  systems,  intro- 
ductory to  a  six>cial  consideration  of  them  as  thoy  occur  in  the 
different  oi-gans,  is  neetletl ;  but  some  general  statements  relative 
to  the  fascicular  system  will  obviate  re^K^tilions  later. 

308.  The  fascicular  system,  in  its  nn>st  complete  develo[)ment, 
comprises  the  following  tissue  elements,  which  o^vur  in^er}' 
different  pi*oi>ortions  in  ditferent  cases,  —  prosenchyma  in  the 
widest  sense,  including  wcxxl-cells  of  all  kinds,  ilucts.  fibres,  and 
cribrose-cells ;  together  with  some  commingUH.1  parenchyma.   With 
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the  exception  ot  the  parcncliyma,  all  tJiesc  elonacnts  arc  elongated 
tint]  arc  arranged  in  vnrtoiis  sorts  uf  rnsdcles  or  bundles,  whence 
Uie  name,  ihv /nenrNlnr  nt/stem.  Siiu*  fibres  anil  vessels  play 
sneh  an  imijortnnt  part  in  the  coinposition  of  this  sj-stem,  it  has 
Iven  also  culled  the  fibro-vasciilar  8}'st4^'m,  and  the  bnudles,  fibro* 
vnsctilar  bnndlca. 

30!!.  When  leducetl  to  its  lowest  terms,  a  flbro-vascnlar  bun- 
dle coDsista  of  tffo  tissue  ekniciitd.  namely,  crihruse-celU  and 
traolicnl  cells,  the  latter  being  sometimes  replacefl  either  nhoUy 
or  in  part  by  diitTts. 

310,  The  tno  elements  arc  nsnally  associated  with  sumo 
parenchyma  and  witli  a  considerable  proi>ortion  of  long  bast- 


fibres;  but,  while  preserving  a  general  uniformity  of  structure 
throughout,  a  bundle  may  Ireeomc  considerably  changed  in  com- 
position during  its  course.  This  is  well  shonn  by  comparing 
sections  taken  at  some  distance  from  each  other ;  for  instance, 

rio.  83.  LnngltiHllnnI  rwlUI  Hi-llaii  of  »  i»l)«tiirel  nbrihiMCulKT  bQiiille.  from  tba 
Man  uf  niliontylaluii :  A— i.wooil ;  i— n.lllwri  ilia  i>r>nilcna>prlK>.l>,n  iiUTnuraniiDlur 
dOBt,  r,iiMfT>]>1nil<l<ici.  >l,  n  ilriet  nlUi  ii>i|>luin,  r,  mioity  pHraridivmit. /.  wuixIt  Hbn, 
p,  «ida  Juut  wllh  ■twiUUkI  plu.  h.  HptUo  woaly  llbrni  tlia  llhrr  cnmiirtHw.  n.  Ubtr- 
Ibni,  ID.  uliort  tiBnmelij'aiii, '.  i;rUiriM»«)Ili.  i,  euudlani,  it,  hHig  [xUBiKliyink  ui  cwb- 
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one  mndc  in  the  middle  of  the  course  of  a  bundle  with  one  near 
its  ex  t  re  mil  V. 

311.  The  cribrose  part  of  the  bundle  may  also  lie  termed  its 
lil)er-i>ortion  or  bast-jwrtion ;  the  tracheal,  its  woody  portion. 
These  terms  are  not  liable  to  be  c*on founded  with  any  others, 
since  it  is  with  the  cribrose  iK)rtion  that  the  well-known  bast- 
fibres  or  liber-fibres  are  associated,  while  it  is  in  the  tracheal 
portion  that  all  the  constituents  of  wood  are  found. 

312.  For  the  first  term  (bast-portion),  Nageli  has  introduced 
the  wonl  Phloem ;  for  the  second  (wood-iK)rtion),  X\iem.  In 
this  treatise  these  terms  will  be  used  interchangeably  with  the 
Others.  But  the  woody  portion  of  a  bundle  is  sometimes  very 
far  from  Ix'ing  c*onspicuously  lignified,  and  the  bast-iK)rtion  may 
be  much  reduced. 

313.  The  three  principal  ways  in  which  the  elements  of  bun- 
dles are  arranged  are  :  1.  A  single  strand  of  liber  has  one  side 
in  contact  with  a  single  strand  of  wood,  the  two  running  side  by 
side,  —  the  coilfUeral  bundle.  This  mode  of  arrangement  is  com- 
mon in  the  stems  of  phienogams.  A  variet3*  of  the  collateral 
bundle  has  a  strand  of  lilwr  on  each  side  of  the  wikxI,  or,  con- 
versely, a  strand  of  wood  on  each  side  of  the  liber,  —  the  bicfpUat- 
end  bundle.  2.  The  strands  of  liber  and  wood  are  in  different 
radii,  —  the  radial  bundle.  This  is  the  most  common  mode  of 
arrangement  in  roots.  3.  A  strand  of  one  element  is  wholly  en- 
velo|)ed  by  the  other  element, — the  concentric  bundle.  These 
modes  of  arrangement  will  be  further  discussed  under  "  Roots  " 
an<l  ''  Stems." 

314.  The  bundles  are  surrounded  b\-  parenchyma;  but  this  is 
very  frequently  limited  at  the  peripher}'  of  the  bundle  b3'  a  cylin- 
der fonned  of  closely  united  pai*enchyma  cells,  which  contain 
considerable  starch.  The  endodermis  is  a  special  case  of  this 
stnicture,  in  which  the  cells  are  more  or  less  distinctly  cutinized. 
When  this  enveloping  cylinder  is  well  defined,  it  is  known  as  the 
bundle-sheath.* 

315.  At  first,  each  bundle  consists  of  similar  cells  (procam- 
bium)^  some  of  which  differentiate  into  fibres,  vessels,  etc. 
Bundles  in  which  all  the  procambium  cells  become  permanent 
cells  are  closed ;  those  which  retain  an  inner  portion  {cambium) 
capable  of  further  differentiation  are  open, 

Mil  a  ^Mt  numlwr  of  iiistanc<?s  it  is  conveni«?iit  to  refor  to  thn  same  stnic- 
ture th«  lon^  and  linn  bast-cells  which  an;  found  at  one  side  of  the  bundle ; 
but  the  subject,  when  examined  from  the  \\o\iii  of  view  of  development,  espe- 
cially when  the  vascular  <'ryptoj;ams  are  taken  into  account,  presents  so  many 
difficulties  that  it  mav  be  here  left  without  further  treatment. 
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316.  As  iTgards  the  course  of  the  buDdlcs  through  tho  plant, 
it  is3itniL-ii!iiL  Ui  iiDin  lion.'  that  tlirynro  variously  eomliincil  in  tho 
diiriTOiit  nrgnna,  so:iictim(.-3  forming  cunipart  masses  uf  tiasuea, 
and  lit  otbora  running  as  sleiuWr  and  tlelicaU.'  isolated  tltrcads. 

317.  It  bas  hceu  seen  in  201  tliat  mcristem  b  the  nascent 
state  of  any  tissue,  and  tliat  it  may  multiply  as  sueb,  or  first 
become  diflerentJated 
into  elongated  fonns 
(ciunhinni).  For  con- 
Vfiiienceofrefereni*, 
the  mcristi'm  nt  the 
gruwiiig-tK>inta  uf  the 
nsis  of  ilic  plant  is 
given s|>crial  names: 
J)cmtalOfftn,  tho 
layer  of  nascent  e[)i- 
dermia  ;  Perib/em, 
the  layer  uf  nascent  cortrx  just  licneath  the  epidermis ;  Plerom, 
tho  cylinder  or  shaft  of  nascent  foficielus.  The  cells  from  which 
these  [irimordial  layers  or  masses  of  noaceut  tissues  arise  are 
known  as  initial  ctUti} 

Tho  initial  ceils  produce  primordial  layers  or  massesof  tissues  ; 
hy  tlieir  fiirlhor  d<ivulopment  the  primordial  layers  or  raasees 
give  rise  U>  the  enrly  dislinclivc  tissues  of  an  organ.  The  tis- 
sues thus  eaily  formed  constitute  the  primary  structure  of  Uie 
plant.  , 

318.  In  the  nrrtlier  growth  of  nn  oi^an,  csi>ecially  in  plants 
which  are  to  live  more  tlian  a' single  jear,  or  which  have  a  well- 
delhied  i>eriod  of  rest,  remarkable  changes  may  take  lA&tx  in  its 
Blmctnre,  especially  by  the  introduction  of  new  elements.  Such 
changes  are  known  as  secondary,  and  give  rise  to  the  secondary 
ttraeture  of  the  organ.  From  the  nature  of  the  ease,  it  is  im- 
possible  to  draw  a  sharp  line  between  the  primary  and  secondary 
structure ;  but  the  division  is  nevertbeless  uscnil  iu  the  exami- 
nation of  the  minute  anatomy  of  the  plant. 

'  Hnnstein:  DlvS<:hdtcl»llgnippini  Vi-itelatioiispiuiktilcrPluuiFraganieii, 
18M ;  bIm)  in  UotuiiiKliE  Ahliiui<lluii(,'>-n,  1871,  p.  3. 

Tbs  ilistinvtUn  brtwren  niemlcni  pni|ipr  uiil  eunbium  is  inahtcd  on  by 
JSigfli  In  liU  Britrtv*  (ISSSI. 

Fra.  M.  txngliadlnal  •ection  llmof h  Ilw  mliMle  nf  tbfl  roM-tlit  nf  lb«  tmlirro  nf 
Puilvlvrlft  fnnlM*.  The loicrrlnlUiil  will  |ir>BlB>etha<*|>  e;  Ihs  n><d<llB  Urn  inncent 
eact«,n;U>ait|^«r.  Uia  iiiwvnl  iwniinl  ryllwbrr.  ec.  'nin  iiuniit  tiiiilenBlii.  cp.of 
tkaatoin  fai«HiUnuwl  dovti  IdUwaii^  j.  Uin  pnlni  (n  whl«li  Uw  BimprnKir  wu  •Uaijwd. 
I.  (nttliaolL) 


MINUTE   BTBUCTDBE  OF  THE  KOOT. 


THE  ROOT. 
Pkiuaby  Stbuctcrb. 

g,  319.   It  was  stated  in  Vol. 

I.,  p.  27,  that  the  root,  or 
(K'sceiiding  axis,  "  noniinlly 
Iwgins  in  germination  at  tlic 
root-end  of  the  cauliclc.  or 
so-called  radielc ;  l>ut  that 
roota  soon  proceed,  or  may 
])roccod,  from  other  ])arts  of 
tlic  stem,  when  this  is  fnror- 
olily  situated  for  their  pro- 
duction." 

320.    A  longitndinal   sec- 
tion   through    tlie   tip    of  a 
gcrminotin};  radicle  exhibits 
'^  only  i)arenchym»  cells.      Slight 

ist    l>etween  these  , 


differences 
cells,  both  as  rc<ranl8  shape 
and  size ;  at  the  very  eml  of  the 
radicle  they  arc  ivlaiively  lai^e, 
and  form  a  sort  of  cnp-likc  cov- 
ering (root-cap)  for  the  Km.illcr 
cells  lying  directly  back  (t/ie 
ffrowiitff-point).  ](  the  section 
is  thin  enough,  it  will  1>c  seen 
that  at  the  growiiig-|)oint  numer- 
ous rows  of  cells  ap|>car  to  eon- 
verge,  the  fact  being  that  nil  the 
cells  of  such  rows  are  derived  by 
innlti[)licaUon  from  those  at  the 
growing-]x>int. 

321.  Certain  differences  in  the 
arrangement  of  these  rows  can 
l»e  seen  u|>on  comparing  the  radi- 
cles of  plants  of  different  classes. 


Fio.  m.  I. 


Thol 


in  tliro 


h  (he  mil 


•apr. 


\t  of  llio  root-tip  nf  Fijiniiyrnni 


tram  llie  n|>per  liililnl  iilln.    (Jnnnrimki.i 

Fin.  m  Ixiiellu<nnitl  KWlhm  llimiiel.  Hie  ml'Mto  oT  ■ 
enadiH:  ee,  noHSlit  central  i-jflimlHriplorom);  r'e,  nuci 
BUeanteiMermialdcnuUoeMili  r.root-ckp.   (FlatiauU,) 
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Thus  in  most  cases  tliu  group  composing  tbe  [mint  of  growth 
consists  Df  tlirof  kinds  or  siiperix>scf]  cells,  ao  arrajigwl  in  Iii\cr9 
tliut  cHcb  gives  lisc  to  a  dcltrniiiiat^  [xirtiun  of  llic  fonuing 
nxit :  (1 )  the  outer  or  lower  Injcr,  to  the  root-cap  uiiil  tlie  rest  of 
the  epiihnnU;  (2)  iho  lutddlc,  to  the  cells  which  arc  immediately 
Wider  the  epidei-mis.  —  ihu  cortex  ;  (3)  the  inner  or  upper  lajer, 
to  tliQ  centrai  cylinder.  But  in  some  plants'  there  are  more 
than  three  layers  of  initial  cells  («.  g.,  SparganiuDi.  KapbaDiis, 
etc.),  while  In  others  thfi'c  aiv  leas  than  three  (e.  g.,  only  one  in 
Cucurbitaceie,  two  in  Triticnm). 

322.  The  Root-<«p.  The  growing-points  of  nascent  roots  origi- 
nale  just  below  the  surface  of  the  organ  whence  they  proceed; 
hciico  roots  ai-e  siud  to  lie  foinied  ciidogcnously.  In  emer^ng, 
tliey  riiptuie  tlie  layer  of  tissue  by  which  they  bad  beeu  covered) 
Init  aiv  from  the  first  protectMl  at  the  end  liy  a  thicker  or  thinner 
mass  of  parcni-hyma,  —  the  root -cap.* 

3*23.  It  does  not  always  have  Ihu  same  ongin,  as  will  be  seen 
by  the  notes,*  nor  has  it  tlie  same  shape  and  size  iu  all  plants. 

I  Janceuwalii  I  Ami.  ilm  Sc.  uaL,  s«r.  5,  loine  ix.,  \SH)  ilvBcribcii  sii  types 
of  dt'vrtojiniriit  of  tlie  tissui'S  of  the  root :  — 

I.  Fniir  ilintiui:!  Inyen  of  mKri«tem  ;  namely,  Pleroin,  Periblcm,  Demuto- 
gCB,  ■u'l  Calyptrogrn  ;  e.  g.,  I/^raJuiru. 

3.  A  JUtinut  PUniai  hoiI  Calj'gitrogoii,  but  tho  Puribka  and  Dermatogeu 
bare  initial  <.tlls  in  commuti ;  e,  g.,  Orainiiua', 

3.  A  <li«tiDut  Plrroni ;  tbe  Peribletu,  Durniailogi'n,  Bud  Calyptrogea  have 
comman  initial  velis  :  e.  g.,  IHdnam. 

4.  A  UUtinct  PIcTom  and  Pi-rilileni  ;  the  Derniatogen  and  Col yptrogen  have 
cotuinea  iuilJAl  uells  ;  «.  g.,  HtliaiUhut  annuiu. 

6.  All  four  Uyera  have  conimiin  initidl  cells ;  e.  g.,  Phnaeolm  and  Pimm. 

9.  Only  a  distiuct  ricnuu  *ud  Piirililciu  ;  tlirrerorD  thvn  Is  neither  true 
Bpidermis  nor  root-mp,  sjucu  thcie  are  formed  i>i»ijily  by  uutur  layers  of  the 
Periblrm;  e.  g.,  OijatHMptriniE. 

Tnub  (ISTS)  aad  Erikssoii  (1S7S1  <liiliusiiiali  "rvi-n  l^pes. 

•  Avcordiug  to  Olivirr.  n  part  of  lli«  tissue  thiia  brokeu  through  by  the 
•dvonciDg  radicle  of  Kraiwfi  remuins  at  iM  bow,  ni  the  EoleorbiM,  while  tha 
roet  bMcimes  the  root-o(i  [Ann.  dci  So.  nat.,  lei'  S,  tome  xL,  18S1,  |).  IS). 

)  According  to  FUhaalt(Itei-hpn^hi!»  BUT  I'ai-croiaaeineDt  lenninal  dtiUncine 
chei  leu  l'haneR^me>,  Ann.  dea  Sc.  nnt.,  s^r.  fl.  tome  vi.,  1878),  iilio  hues  hii 
u^ion  on  a.n  cxaiHiiiation  of  thi-ee  buDdml  and  fifty  apecies  of  Pliieuogiima, 
tlie  li-nnin«l  growth  of  iLe  mot  may  be  refarreil  to  two  structural  lypea  which 
•r«  clumcterislii;  of  nionocotylednna  and  dicntyledona. 

In  monocotyinlona  tbe  epidermis  ia  genvrnlly  rarmed  by  tbe  initial  cella  of 
tha  coftei.  The  I'pidemiie  never  gives  riaa  to  n  root-cpp  ;  tlie  ruot-rn|i  once 
formed  Is  continaalty  rmcwed  by  ihe  ootiTity  nf  ita  iutnnial  layers.  Indicoty- 
ledoni,  on  Ihr  othur  hund,  tbe  i'|iidotmis  ii  almost  idwuys  iiide)cudeQt  of  the 
cortex  ;  the  root-oaii  in  continually  renewed  by  the  activity  of  tlie  cortex  and 
C[adonius. 
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Roots  ivliicii  grow  in  Ihe  earth  sclttom  have  it  mucb  developed; 

but  in  mniij-  afjiiatics  it  iK-eomcs  of  lai-ge  size,  lliongli  it  is  alwajs 

tiiin.     In  80IIH'  spfc'ies  of  I'onttHlt-ria  llie  cap  envelops  Xhv  nwt 

fur  tlic  Icngtii  of  lialf  a  ceiiUinetei' ;  but  it  is  tree 

f/^       at  its  ii|>per  part,  and  is  in  contftct  with  the  root 
jSr^      only  at  ila  very  tip.      The  roots  of  Typhacew 
f  am!  LemnaiviK   exhibit  nearl.v  the  same  struc- 

I  Hire.     Tlie  eap  i.'onsists  in  tliese  cases  of  only 

S|jfe       ^^a         one  or  two  laj'ers  of  tiiin-walleil  cells. 
Ik      ^^  ^^^  aerial   roots  of  some  plants  have  large 

^B      Hm       root-c:ips  eom|)Oscil  of  flnu-wBllod  eclls.      This 
^K     fijtt      is  well  shon-n  in  Pandanns,  where  the  cap  con* 
^B      1h       ®'^^  °^  niiiiiy  Injcrs   of  cutinized   cells.      The 
V       ^S       ''^1'  '"  '^"  '^'^'^^^  cxfiiliati's  on  its  exterior,  and 
B         ^       is   as    constantly  renewed  by  the  cells   within. 
V         W       Nearly  all  of  itd   cells  contain   etarch-gnuntleB 
1  n        in  abnmlancc. 

I  jl  324,    T/i«  jteriphervl  tissue  in  llie  rootlet  does 

^        ^        not  always  have  tJie  same  origin  ;  it  may  in  some 

cases  be  regai'dcd  as  true  epidermisi  in  otiiers  as 

the  outermost  itortiuii  of  tiie  cortical  parenchyma.      In  the  vast 

niajoiity  of  cases  this  youtig  superficial  tissue  is  furnished  with 

root-hmm  ;  it  is  tlierefore  designated  the  piliferous  layer.' 

325.  The  piUferoDS  Ufer  has  no  intercellular  spaces  (a  few 
cases  of  acriul  ifiots  u(  Oi-cliids  cseepted).  The  hairs  are  con- 
flnetl  to  a  nari-ow  zone  a  short  tlistant^'  behind  the  tip,  although 
in  TrigUjchin  they  have  been  found  on  the  edges  of  the  cap, 
and  in  Philodendron  very  near  its  olge.  When  first  formed 
tiiey  have  delicate  transparent  walls,  and  arc  filled  with  pro- 
toplasm, llj'  the  advance  of  the  gi-owing-jwint  and  with  the 
formation  of  new  hairs,  the  older  become  less  active,  their  walls 
thicken  and  turn  brown,  their  contents  disa]>|)ejir,  and  they  fall 
otr,  generally  leaving  a  nearly  glahi-ous  surface. 

326.  The  hairs  arc  generally  simple,  but  in  the  adventitious 
roots  of  some  Bromeliat^ie  *  compound  hairs  are  also  found. 

Branched  hairs  arc  seen  on  the  roots  of  Saxifi'oga  sarmentosa, 
Brassica  Napus,  ete. 


1  01ivi<-r(Ann.  dosScnnt..  >jr.  6,  tomexi.,  1SS1,  i>.  ]e).a 
it  is  nartt  liim.ologoiis  wiTli  lUu  ti.iilcmiis  of  llie  atein  ([i.  21 
*  JorgPBSfU,  B.)latiiBk  Tidsskiift,  1878,  p.  Hi. 

Via.  ST.    ScwIlliiKof  Sliiapla  nlbii,  alioRlns  rwt-lialni. 
FlQ.  Kt.    Sncillliig  (il  Htna,  ihoiirliig  iha  miuincr  Id  wlilcti  Que  pa; 
to  Uw  root'luiii*.   (Soclu } 
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827.  Root-hairs  are  l>e8t  oblaiiietl  for  study  by  cullivating 
eewIUnga  on  moisl  glass,  or  willi  llie  rootlels  in  water.  It  is  well 
to  conipiire  Uic  roriiis  llius  oblaiiittl  Willi  lliose  rmiiid  on  roots  of 
till'  samv  iilaiit  grown  in  luaiu>  sand,  tiue  day,  elc.  Masters  Ima 
shown  llifit  Uiu  di'Vfloii- 
ment  of  llic  Imirs  la  I'a- 
vored  l>y  inuiiy  conditions, 
sucL  as  [lorosity  of  tbo 
soil,  moisturp,  etc.  ;  and 
tUis  fat;t  sliuidd  be  Iwrne 
in  mind  in  tlic  L'samiun- 
tion  of  tiio  rof>t-liairs  of 
any  plant. 

32H.  Tlic  walls  of  root- 
hairs  are  only  slightly  cu- 
tiniz«I,bultlii>reUagrcat 
differciu'c  in  llib  resiwct 
in  diffuvont  [ilaot^. 

329.  TUe  culls  of  the 
Biipcrllcial  layrr  of  the 
luolk't,  other  than  those 
with  hairs,  arc  moro  or 
less  cntinizod,  the  degree 
of  infiltration  dc[K'ndiiig 
ujjon  their  age.  In  some 
cases  (e.  ff.,  Asphoiichis)  the  thickening  is  very  cnnsiilerable, 

330.  On  a  few  plants'  no  root-h.-iirs  have  been  detected,  as 
Crocns  sativus,  Cicuta  viiYMa,  Abica  pecUiiata  and  many  other 
gjinnos[KTnis. 

331.  Roots  of  orcbi^k,  Tlic  newer  parts  of  the  aerial  roots 
of  Orehids  have  un  epidermis  eunsisting  of  nearly  spheiical 
tracheids,  whicrb.  ex<rept  surnctinies  in  tlic  ontermost  layers,  co- 
here without  intei-eellidar  spaces.  The  wiills  of  these  cells  are 
colorless,  though  in  muss  tlicy  may  bii\'c  a  silvery  lustre,  and 
when  immersed  in  water  they  soon  become  sufficiently  trans- 
parent to  permit  the  subjacent  green  tissue  to  Iw  swn.' 

>  Dochftrtn.'  (I'ilcmentsile  Botsniqac,  1SA7,  p.  31<I  eitm  other  plants. 

Sn  kUo  »  nliiable  ]<ii|<cr  b;  Scliwan  iii  i'utcrEueliUDgcii  «tu  dem  boL 
Inst,  TulnDgPU,  1882. 

■  Acrordinjc  to  l^'itf^b,  tite  olil  mnta  at  Ynnda  fiirv*  are  gnen  bwaon  Ihcir 
tncli«.li  rouuin  rainiil.-  Almo  (Pc  Rirr,  V.ti:I.  An«t-,  !■■  2.1«). 

Flo.  «  »not-liair..ll.l..rte.lUyc.ml«rHr1'lilW>"ll.  Fi>orili  IhsrlBlil-liaii.loppet 
«ner.S*laaliwlla:  Ilirtc  in  Invar  cntner.  Trirollum  i  Uia  oUiem.  Avhks.  Tlia  ilark 
polnta  Iniilcala  ihe  atUuJied  paitluls  of  anil,   a,  a,  i^  nlniil*  prol«i|aUiiai  of  lb*  M" 
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332.  SotiK-tiiiios  there  are  papillar  outgrowths  l>x>m  these  tn- 
chelds,  wliitli  are  to  be  regarded  as  root-hairs.  They  f)ccnr 
chiedy  on  voiiiiger  [)arts  of  the  nwls  whitli  are  h)  eontact  with 
a  moist  support,  or  whit-h  are  kept  wet.  They  cling  tenaeiously 
to  moist  Kiirlacfs,  and  may  become  mucli  widened  and  flattenefl.* 

333.  The  cortex  ofdifTereiit  plants  varies  greatlv  in  thickness 
and  compactness,  and  in  the  tbiekness  of  the  cell-walls.     In 


a  few  canes  i-emarkablc  lacnnte  arc  to  be  seen  (c.  g.,  Sleny- 
anUics). 

33J.  The  oilis  bounding  the  inner  layer  of  the  cortex  have  the 
general  cliaractcrH  <lf;scrilie<l  under  '•  Endmiormis  ;"  their  radial 
walls  are  generally  moie  or  less  plicate,  and  there  are  no  inter- 
cellular spa<K>s. 

33.'i.  In  the  primary  cortex  of  roots  all  the  varions  kincis 
of  secreting  cells  and  rcce|itaclo3  for  exudations  deserilMxi  on 
p-  97  may  Iw  looked  for ;  but  as  a  rule  tliey  are  less  deyclopcd 
than  in  llie  stem.  C'ollenclninfi  occurs  sometimes  m  roots; 
e.  ff.,  Ituphidophorn. 

3.'(C.   The  central  cjlindcr  has,  at  first,  a  peripheral  layer  of 

1  lifitgoh  :  Die  LuftHuraeln  der  Orchidetii,  Wieii  Ak:id.  Deiikschr.,  xiiv., 
180:;,  !■.  17B. 

Pl(l  IM.    TrBn«enwii<«tlonnrtli8i-pn1rii1rTltn.1»rorarontofiiTiiKu1iirerTptneiiii 

Inver  -tf  lliK<'irlliiiler;  I,  lllwr  liufMim;  r,  wiHnly  tUclcle*;  c,  tniiJunctlTS  iBreDvhj-mK 
(pitL  tud  mala  liar]'  rmjiV    (Viin  Tl>«heni.) 


THI!  CESTRAL  CYLINDER. 


thin  walled  t-clls 
ID  (luite  union 
with  the  cndoder 
mi 9  at  certain 
]>oints  on  this  Ini 
er  the  nooth  tiiiil 
tbt  lil>er  fiiM  1 
cits  appear  tlic 
laltei  ttlttniUiii^ 
Willi  I  lie  fiirmei 
throughout  the 
ciriU  mill  tilt 
B|)aces  I  let  wee  II 
them  being  filled 
with  [laniuh^ma. 
S37  Ihi  niim 
bei  of  flbio-vas 
cular  tinnilles  in 
the  central  cjlin- 
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dnccd  to  a  einglc  duct,  aa  in  some  Cnricoa.  or  11101*6  may  be  & 
lai'gc  dutit  tjurromidcd  liy  smaller  ones  witli  or  vithout  inter- 
veuing  cm? lis,  oi'  many  lai^  and  small  ducts  vuriotisly  conjoined. 
Moreover,  Utere  arc  all  dcnreca  of  compactness  iu  tbc  uiiiou  of 
the  different  bundles  of  woody  tissue  nitb  each  other. 

339.  The  crilirose  part  of  the  bundle  may  be  rednced  to  a 
single  eribroae  tnl>e  {e.g.,  Anacharis),  or  two  or  thi-ee  (e.  g.,  Pon- 
tederia);  but  nsuallj-  there  are  many,  nhicb  may  be  variously 
dis[)osed. 

340.  Bost-tibres  may  he  associated  with  the  cribrose-oella  in 
the  jirimnry  structure  of  tlic  root,  and  they  may  be  scatt^ivd  (and 
occasioualtj'  with  some  sckrattc  parenchyma)  in  the  ix)!^^^.  In 
Kiilwlendron  tlieso  scattei«l  groups  of  bost-librcs  frequently 
contain  oleu-resin  canals. 


341.  The  older  parts  of  roots,  even  the  recently  formed  por- 
tions lying  just  back  of  the  root-hairs,  may  undei-go  changes 
either  by  the  alteration 
of  their  existing  tissuo 
elements  or  by  the  in- 
troduction of  new  ele- 
ments. Some  roots, 
however,  do  not  suffer 
much  change  fixim  fii-st 
to  last.  Tlieir  cells  may 
become  more  sti-ongly 
cutinized  or  lignilied 
as  the  case  may  be, 
but  no  new  elements 
arc  brought  in.  This 
is  tnie  of  the  rooti  of 
many  monocotyledons, 
but  in  (licotylcdons  the 
secondary  changes  are 
generally  vciy  marked. 
The  changes  may  af- 
^  feet  either  the  cones  or 
the  central  cylinder ;  in  some  cases  the  former  more  than  the 
latter.  

Fia.W.  SiTUoiitlirmiKli  tlwwnlnilrjrliwlerof  »hln*ry  ri»tc>riiv«tciiliiriTjrtne»™ 
(Cy«theiini«liUl*rU):  r,  InKmal  lny*r  of  llio  rf"!™"""**;  y,  einlnrtermlB;  m.  I«- 
riplieral  layw  of  ilia  rylln-lcr;  /,  liber  fnwl^aeii;  r,  wooJy  tuddei  e,  conjiinoma  pucn- 
Bh70»  (|4tb  and  mcilullary  ra)-»).    (V«n  Tkghein.) 
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342.  In  the  cortex,  ai.-<:ordiug  to  Olivier,'  the  sci-ondarv  tissues 
na-  tlther  i>arpDi-hvinat*)ii8  or  suberuus  i^corkyj.  The  Becondarr 
pai'onchyiuK  of  tlie  iiitc};iiineiit  pi-ocee<Is  from  tlie  peripheral 
b,ver  of  the  central  cvHikIlt.  The  suherous  tissue  iu  gym- 
nospcnus  and  in  ilicoty Unions  with  cailucoua  primary  cortex  is 
derived  fniiu  the  pericamliial  layev ;  it  is  corngmsol  of  taliitlar 
wlls  witli  vcrj-  short  radial  walls,  and  Iw^ns  to  form  outside 
of  the  primary  liber.  In  Ibe  case  of  woody  dicolyledona  with 
late-formed  Becondnry  resseis,  and  in  nronocotylodoiis,  it  is  pro- 
duci'd  in  tlie  external  zone  of  the  imrtieal  iHircndij-nia,  and  is 
conii>osed  of  cubical  cells. 

343.  In  a  given  species  the  level  of  the  root  where  cork  ap- 
[>eurs  depends  on  the  transverse  diameter  of  the  root,  anil  also 
on  the  sun-oundings ;  in  routs  of  the  same  size  the  cork  gen- 
erally appears  earlier,  and  is  more  abundant  in  aerial  tlian  in 
«anb  roots. 

The  cortical  i>3rencliyma  is  renewed  by  layers  of  cells  jnst  ont- 
aide  of  the  sheath  of  the  central  cylinder,  and  its  development  is 
wholly  centrifugal. 

344.  The  central  cjlloder  undergoes  its  most  remarkable 
changes  as  the  root  grows  older,  in  the  group  of  dicotyWdons. 
There  is  very  little  change,  if  any.  in  monocotyledons,  but  in  a 
tvw  o(  the  latter  some  of  tlic  sccondnrj'  changes  now  to  be  du- 
scribcd  can  be  observed  (e.  ff..  Dmciena). 

345.  In  diwitylcdons,  including  gymnoaperms,  the  thin-walled 
cells  of  the  central  cylinder  are  in  contact  with  tlie  inuor  face  of 
the  endiMlcrmis,  and  are  known  collectively  as  the  pericnmfnum. 
Touching  this  jiericainbiiim  like  the  two  ends  of  a  bow,  there 
runs  a  mass  of  dclicatfi  cells  Iwhind  each  liiwr  bundle.  At  the 
point  where  these  bows  touch  the  inner  fai«  of  the  liber  bundle 
a  group  of  cells  divides  langenlinlly,  forming  a  cambium  layer, 
which  soon  gives  rise  within  to  new  woody  elements  (often 
coalcsccnt  willi  lliosG  of  tlie  prim.iry  woody  bnndles),  and  on  the 
outside  to  new  liliei*  elements.  These  new  productions  are 
called  tecondiiri/  wood  and  libfr. 

346.  In  some  ca^'s  —  for  instance  I'inus — the  cells  of  the 
pericambinm  outside  of  the  primary  woody  bundles  produce  new 
wood  and  new  lilwr.  The  wood  is  in  contact  willi  the  primary 
wood,  while  Uio  lil)er  may  serve  to  connect  Ihc  bundles  of 
primary  liber,  thus  bringing  about  a  union  more  or  less  com- 
plete betwL'eu  similar  elements.      From    these  sccon<lary  pro- 

1  Amulin  dca  Sc  uat.,  «^r  6,  tome  v.,  IftSI,  ii.  119. 
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ductionB  come,  of  course,  the  a|>[Kiret)tlr  unbroken  rings  of  liber 
and  the  solid  masses  of  wood  in  old  rooU.  If  Uiis  development 
of  new  wood  and 
liber  Id  a  percDoial 
dicotyledonons 
.  plant  proceeds 
uninterruplcdlr, 
there  will  exist  at 
the  end  of  Uie  first 
j-ear  secondary  ele- 
ments in  large 
amount.  Aitcr  a 
period  of  rest,  a 
perennial  root  re- 
sumes growth  at 
the  [loints  wLcrc  it 
was  suspended,  and 
the  formation  of 
"  new   cork,    cortex, 

liber,  and  wood  goes  ou  as  before,  until  it  reeeives  further 
(.-hecks.  Owing  to  conditions  to  be  esplaineU  later,  the  charac- 
ter of  t  bo  woody  elements  is 
not  the  same  at  the  begin- 
ning and  end  of  an  active 
perifxl ;  hence  there  is  gen- 
erally a  clearly  define<I  out- 
line l>onnding  the  prodntt  of 
growth  of  sucecssivc  yeai-s. 

347.  More  or  less  of  llie 
pareneliyma  of  the  original 
cj'linder  may  I'cmain  in  the 
form  of  radial  lines  or  of 
bands  (medullary  rays), 
some  of  the  same  sort  of 
tfsBue  may  be  But»Be(j«cntly 
produced  from  new  |>otnts  of  w 

activity,  and  hence  long  and  short  radii  will  be  met  with. 

the  ry\ln.hi;  I,  111) 


F»>.  US.   SHlInn  Tliniiii-I 

(AlliUHi(:«|«>ir.l n»l[( 

of  tbaryllnileri  I,  Ubtr  lai 


iei»n(rnl  cjUiuXerot  a  blnftr;  mot  ol»  dlcotfledon  |Beta 
t.  wukI;  ruiclclei  c,  conjunctive  pBrencbjiua  (plUi  mnS 
le  nntral  cjUniler  of  h  bl 


womlj  ludcle ;  c,  coijui 


ot  of  a  TnonocotyleiloD 
it;  n. periiihenil  liiyer 
Liva  pareimbyua  (|4th 
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848.  The  distiiiclion  of  texture  umiking  the  [ 
is  nol  clour  in  the  lilwr,  tlioiigh  oven  liere  it  may  Homelimes  be 
dt-tccted.  The  ojrk  of  tlic  root  freqnenHj  exbil)it«  such  dis- 
tuictioi),  but  never  bo  cletirl.v  as  does  the  cork  of  aleiua. 

»4il.  Itiaarnmiliarrniit,  that  llie  llesliy  roots  of  many  plants  — 
beets,  and  the  like — CTthibit  id  the  first  year  trom  seed  i;oin:tintric 
rings,  whiuh  reeemlile  those  found  in  [lerounials.  This  u|)[>ear- 
an<;e  is  due,  ncconliiig  to  de  Bary,*  to  the  faet  that  at  an  vavly 
stftgc  of  deveIo[>mcnt  (when  tlie  root  ia  only  about  half  a  milli- 
mcier  Uiiek)  a  new  cambium  zone  is  fonned  in  the  parencliyma 
on  the  outer  part  of  Uic  central  cylinder,  and  this  di\ides  tan- 
gentially,  extending  therefore  in  a  radial  dircctiou,  produeing 
woolly  and  lilier  eleineiita,  and  at  the  eame  time  divides  laterally, 
so  that  the  nhole  constitutes  a  zone  hardly  broken  by  the  rays. 
Soon  a  fiecoml  zone  is  produced  in  like  manner,  and  aftci-wai-ds 
others.  In  all  these  eases  the  elements  are  usually  not  much 
ligiiiBed,  but  the  whole  mass  remains  Buceulent. 

ll  happens  sometimes  tliat  tertiary  formations  are  pimluced  in 
the  root,  bearing  somewhat  tlie  same  relation  to  the  secondary 
as  these  do  to  the  primary.  Even  formatioDs  of  higher  order 
arc  sometimes  met  with.  But  the  elements  of  all  of  these  are 
easily  idenliBed.  and  tliclr  mutual  relations  can  generally  be  so 
clearly  understoo<l  tliat  they  do  not  need  spceitd  descriplion. 
The  following  cnimiei'ation  embraces  the  most  im|>ortaut  of  these 
formations:  tertiary  cork  and  cortex;  fibro- vascular  bundles  ia 
secondary  cortex;  tertiarj'  lil»er  and  wood  in  secondary  wood. 
.Sneh  anomalies  are  more  frequent  in  the  stem. 

SaO.  Roots  branch  by  the  develojiment  of  certain  cells  at  the 
peripheral  layer  of  the  central  cylinder,  and  just  iu  fi-ont  of  the 
woody  fascicles.' 

The  root  branches  only  laterally  in  flowering  plants;  in  the 
Ly(«podiaeefe  there  appears  to  Iw  terminal  biriiroallon.  and  here 
each  branch  shares  with  its  fellow  the  tissue  elements  of  the  root 
troia  wliich  they  both  come. 


'  VrrgteicliGuilf  Aiiataiiiif,  p.  QIO, 

•  TliWB  typta  nt  Imiiicliinjt  ""t  iliwcribed  by  Jnnc«owaki  :  1.  T!ib  molhsr- 
nlli  of  tliia  layer  (the  Mt'Callcd  KliUnKeniii  cclU)  moat  frwiuenlly  give  riae 
to  all  tbc  tiatiaa  of  tlie  rootlet.  8.  They  pimlucr  only  Ilie  centnl  cylinder 
and  onrlex,  bat  not  tlie  root-cap  and  pilirerona  layer,  tlirse  being  rnmliihed  by 
tliD  tud»lermi»  of  Ilia  root-  3.  Tln-y  proiliiue  only  the  central  nylinder,  tlie 
other  Unsais  coming  from  tho  ciidoilpnnis  or  from  the  tnycrs  imiin'iliatily  oiit- 
«ide  of  it.  The  suhuqiicnt  groTiU  of  Ibo  rootlet  liotb  in  length  and  thickueaa 
ia  tike  that  uf  tbe  root. 


lift 


msi'TR  axRUCTi'nB  of  thk  boot. 


'■'     tS"-.i«r  HMh,'  «»r  thtwe  wliicb  fast<-n  Ujemaclvpa  ftr 

'\lwr  |>)nt)U,  niit  no  nmcli  luurJiGeil  l.y  the  pctnl- 

'm.l.i|'  whkli  llii-j-  livi',  liial  tliry  require  ejM?<cuI 

...   •(rui'liiiv  van  Ixt  Uwt  un'ii-nUxKj  by  a  beilMa 

M»<t*  >ht'«*  U  IH>  ix<liti'Hl  cvliuder.  prcq>eTtj'  bo  callnl,  nor  b 
HiMv  >i*V>  *'»*>«  tnw'wrliiic  to  tUu  rooi-cnp.    Tbe  oortex  b  reganlwi 


tllU  A(*t'l<'li'  <'''  '"^1'"  some   of  the    elements   ; 
I   (wlUi  wlili'li  iirr  in  c^rnlact  nilli  duets, 

WIfi  'Mil'  nx)!"  or  mnny  pUiiiU  have  distinctive  colors  :  in 
(tiniii  III"  col"!'  Ix^longa  to  tho  wood  (ece  402)  ;  in  otliei-s  it  is 
i\w  h>  I'x'  i't'tl-iui|) :  in  <itlifrs.  for  instantw,  tlio  common  carrot, 


In  .iriiitKP- 


ii|i(re<l  cryatnlliii 


Wlic. 


The   (.-ryeUillinQ    forma 


OhiikI  III  ll"*  linienehyiim  of  llie  I'oots  of  tlie  carrot  nre  inhiute 
rlioliili*.  (ir  aoiiic'timi-fl  ri^ctangubr  filates  to  wliii-h  Htarch-grHU- 
hIh  Mr«  ullai'hcd.  Thvy  are  ussixiukHl  with  small  quaiililies 
t#f  I""'"!''**'"''"  '""'''^''■-  (^^''^  Clm|iti-r  IV..  fur  un  aucoiint  of 
IpueWlint  similiir  Imdics  oa-urriiij  in  Howei-a  iiiid  fruits.) 
fljia.   The  rwU  of  tl»  higher  CrfptosatuH  (sticit  as  Ferns  and 

l|  ^  (iImuhUvv  paper  on  tliU  aubjivt  will  le  found  in  PringsliEiin'i  .lalirh., 
ftllWwl^''  B«iiundiiieEiit»ickhiniti!rrEriiahrungH0t]5Uifliis™«tUcb« 

piinan,  vnn  HTinnnii  Gnifnn  xu  Sntmt-Lnnlnfb.     Koch's  JiBpct  is  in 

'■botuu.  Abhaotlliingi-ii,  vul.  ii.,  1875. 
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ts)  do  not  <Iitrer  essentially  from  those  of  Phtenogatiis ; 
ill  most  caap§,  however,  the  terminal  growth,  except  in  the  oi-cler 
Lyco|iO(liai:e)u,  is  from  a  single  apical  cell  iiistcuil  of  a  group  of 
ceils.  The  apical  t*ll  proiliices  not  only  the  tissue  of  llie  bwly 
of  ttie  root  as  it  exteiula  in  length,  lint  gives  rise  also  to  tlio 
snperficial  cells  nt  the  extreniitj  which  constitutu  the  root-cap. 
Latrral  roots  start  from  the  interior  layer  of  the  cortical  paivu- 
ohyina,  and  not  from  Ihe  pericambiuni  (see  345). 

354.  The  ft bro- vascular  bundles  arc  concentric  (seeSlSJ,  as 
indeed  they  are  in  the 
Btctns  of  most  of  these 
j>lnnts ;  thut  U,  the  bast 
jjart  Burronnda  the  wood 
part,  as  if  with  a  sheath, 
even  wliere  the  latter  part 
is  rudimenliiry.  There  is 
a.  tenilency  in  the  root,  less 
marked  tlian  in  the  stem, 
to  the  pro<luct4on  of  scle- 
rotic cells  of  a  dttrk  color. 

The  rooU  of  the  higher 
cryptogams  do  not  materi- 
ally Tucrease  in  thickness 
afler  they  are  ilrst  formed. 

S.»5.  Proper  roots  are 
not  found  in  Museinea:  (the 
mosses  and  liciiatics) ;  the 
absorbing  organs  here  are 
more  strictly  root-hairs. 
These  arise  as  {lapillu  from 
the  onter  cells,  and  sjicedity 
develop  into  tnbidar  and 
frequently  complex  bodies. 
They  often  become 
branched  in  a  remarkable 
manner,  twisting  ami  coil- 
ing aronnil  one  another  Wka  the  fibres  in  a  thread.  They,  as 
well  Bs  the  somewhat  simpler  organs  of  the  same  uatnre,  found 
in  the  Thallophytes  (such  as  Algie,  and  the  like),  are  termed 
Ji/tizoi(la. 


U9  MINt'TE  OTBCCTCKE  OF  THE  STE3f. 

NViUi^^r  in  Muttctu^!^  nor  TliaUopb\'te«  are  fibrr>-va§caUir  ban- 
dLe«  f'HUi*\.  AiilifHi'tih  in  ttK'  foruK-r  the  arrangement  of  elongated 
oelU  kfjnu*iUuiTh  ri*t^f ml tUiti  tliat  of  tbe  cous^tituents  of  a  simple 
fiiMi:U:Ui.  TIm;  ro'it-like  Ixjdkfs  liy  which  lar^e  sea-weeds  eling 
tt>  llK'ir  hup|>orti»  are  hold-ftuU.  rather  than  true  roots:  the 
whoh'  Mirfofi;  of  th<*  plant  Ijeing  liatlied  in  water,  all  parts  can 
probably  ttlMiorb  equally  well. 

THE  8TEM. 

#3.V5.  Thflt  part  of  llie  axis  of  the  embrjo  which  is  l^elow 
th«  T'lityledofiH  Im  known  a»  the  radicle.  It  is  more  properly 
tt^rint'd  cHiilicle  (that  Im,  hUfmlet),  for  its  mo<le  of  growth  is 
iK/t  like  that  of  tlte  rrK>t,  but  like  that  of  the  stem  above  the 
CTityledotiH,  Tim  nnnie  rnd'uic  should  Ik*  restricted  to  that 
whirh  i«  the  lK*$(innln<4  of  the  rrxit,  nnmely,  the  free  end  of  the 
«;ttiili<rle,  'VSw.  cttuli<'le  in  U'rtned  ftlw>  the  hyiKxrotyleilonarA'  stem, 
/#r  hy|io«'ot)  1 ;  while  for  the  axis  which  is  devclope<l  alx>ve  the 
li^H^Hlonn,  that  U,  from  the  plumule,  the  name  epiccityledonary 
(^Urni.iimy  l»e  \\%i'A.  A  hirpje  hyiK>cotyl,  which  has  begun  to 
^f^rnibmli',  di*»plnyM  the  Mtructun;  of  the  stcMn  to  good  advantage  ; 
bnt  \\w  bilUiil  eelU  \\\\\\  IIm;  utuiceut  Uhhucs  of  the  stem  must  be 
mtw^SA  fit  nn  curlier  »itit^(*,  for  iuHtnnce,  in  the  plumule  of  a  well- 
titXMwA  <Mnttr\o,  \\,%  thnt  <if  l'lniN(>oluM  or  Faba.  A  vertical  section 
\\\\ii\\^\\  Ww  pliiHiiili*,  \\\\\i\K\  tniUNpiuTut  by  a  clearing  agent  (see 
V-I;i  bhiiwti  Llutt  the  ceiU  have  uuicli  the  same  arrangement  as  in 
tlui  HKit'tIp,  except  that  no  protective  cap  is  present. 

WUl,  'i'liii  outer  la)(  r  Iuih  diviNions  only  at  riglit  angles  to  the 
mirfite^t  i  it  U  coiiihiiiotm  with  tlie  epidermis  further  back,  and 
U  eajsily  n?coKni/.abli*  an  naH(«ent  e[>idcnnis  (Dermatogen).  En- 
(flom'd  b^  Uiio  ant  laNcrx  which  Ibrui  an  arch,  the  nascent  cortex 
(IVribU'in).  Tliirt  chcioxiCK  a  inaHM  of  tissue  from  which  the  fas- 
cicular b\blcui  ill  derived  (TlcrouO*  These  tissues  are  essen- 
tially thi<  ttauu<  iu  character  and  development  as  the  corres[K)nding 
naoct^iit  tiatsut'd  of  the  ro(»t. 

M.'irt.  Ab  \\\K\  libbuti  elemcut?*  tlcvelop  fixun  these  nascent  tis- 
bucb,  tlin  hl4«ui  U  pnuluccd;  Itn  structure  is,  however,  generally 
(HMupliruliMl  li\  tin*  em  Iv  foiuuititJU  «»t' lateral  appendages,  —  leaves 
in  bouin  of  tlu'ii'  moditlcatiiMi>«.  Moivovor,  the  tissues  of  the 
bteui  ale  coutiuiioub  with  the  tijinuen  of  the  leaves,  and  it  is  there- 
fore ht'iH^bbai'V  to  take  luto  ai-iouut  tlu*  nuitual  relations  of  these 
two  orgaun.  'ria*.  piuhUui  bi-ciMneH  ^till  t^uthcr  complicated,  in 
a  large  ntunber  of  eaficb,  by  the  pi'iHluctii>n  of  branches  of  some 
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Itind,  tbe  tissues  of  wliiili  are  of  comae  intimatoly  uniled  with 
Uiose  of  the  muia  axis  liom  wliicti  tUey  ore  gitcu  utT.' 

PjtiMAHY  Stiiuctuke. 

359.  Ill  the  Btcin,  or  ascending  axis,  the  distribiition  of  tissue 
cicinenta  U  similar  to  that  in  tlie  descending  axis,  —  tlie  root. 
Tlicre  is  a  uioro  or  less  transient  epidermis,  a  cortical  substra- 
tam.  and  a  central  cylindi^r  of  some  kind. 

3()0.  The  epltlermb  of  stems  iiresenU  fuw  peculiarities  of 
structure  beyond  tUose  already  <lesuribed  in  Clmiiter  II.  In 
most  herbaceous  plauts  it  persists  with  liUle  cliange.  except  in 
the  matter  of  tiiclinmes.  throughout  Uie  life  of  the  plant ;  but 
in  roost  ligneous  plants  it  is  reitlacod,  often  early,  by  other  pro- 
tective tissues.  Persistent  epidermis  is  found  in  inatiy  woody 
aud  lialf-woody  plants ;  for  instance,  Russclia  juncua,  Leyces- 
tcria  formosa,  and  Ptolea  trifuliatu. 

In  Palms*  "  the  epidermis  exists  in  old  age  only  in  the  cane- 
like  and  cnlanioid  stems  ;  in  the  rest  it  is  more  or  less  dcstrayed 
by  the  action  of  tbe  weather.  In  Calamus  it  consists  of  a  simple 
layer  of  minute  cells  elongated  in  the  direclion  from  without 
iutvftnl,  and  forms  a  stony,  hrtttle,  shining  lajcr." 

SCI.  The  prlmarf  cortex*  consists  essentially  of  parencbyroa 
in  Tvbich  isolated  cells  of  a  i^eculiai-  character  may  oft«n  be  found, 
such,  for  instance,  as  crystal  cells,  laticiferous  cells,  tannin  cells, 
and  the  like  (see  2il2);  and  its  intercellular  spaces  sometimes 
Bvrva  as  receptacles  for  the  various  e.\udations.  The  paren- 
chyma cclb  generally  coulaiu  more  or  less  chlorophyll,  and  some 
starch. 

3G2.  Immediately  beneath  the  epidermis,  and  not  easily  dis- 
tinguished from  multiple  epidermis,  is  a  portion  of  the  coi-tex 
known  as  Hjixxlerma.*     It  is  rarely  sclerotic  parenchyma,  more 

t  In  tlii;  jilumulo  and  otlier  l>iid»  utl  ihese  pnrin  exUt  pntoiitinlly  ;  ntid  llio 
triiunnce  of  ilicir  tlcvctoinnclit  caa  be  successfully  follavr«l  out  by  tlie  clii|iloy- 
niiiiit  uf  n»*U  hi  lUirt^rent  atiges  oC  germliialiun,  or  buils  cDllMted  im  saccw- 
Hi-e  Jays  ui  Billing  nud  pngwrved  it  once  iu  Blccihol.  In  ftll  ciue«  vnre  mnit 
In  taken  to  have  the  diito  of  collection  of  «aeh  speiaraeu  nuorded  in  audi  a 
BuuinFr  tliiit  no  confusion  cua  oftenTsrds  nruw. 

*  JIolil :  Rhj  Society,  R<^[K>rts  auJ  Paiion  in  BolAiiy.  The  Pnluj-atem, 
Heafray's  TnasUtion,  1S49,  p.  11. 

'  V(w|uc  (ia  Ann.  dc3  Sc  uat.,  sdr.  6,  tome  ii.,  IBTfi,  p.  83)  gives  a  very  full 

tfcaliiieiil  of  tliB  EirbJL-ct 

•  The  word  ny]iudoniia  "kos  inlroducwl  ty  Knius  (Pririipheuu's  Jiilirb., 
1845-60,  p.  321),  to  designate  tlie  kyor  of  colorli'ii!)  cell)  uiiiler  the  FpidDnnia 
of  leuves.  "iIm  Aimiogon  dos  RLadcDcolleiii^hyins."  It  has  tiiii^i  Ixwn  ex- 
tauhNl  to  apply  to  the  exlcvunl  cortex  just  aujiir  the  opidennis  of  stemai 
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li:<?'^w*Hitlv    H   i*   *y/!U'iK*ljyfna.      Excelleot    illustrataoiw  of  the 

i#ti'^.  »S<4jJl4>i<jU*i '  iJibtjfjguUlief]  four  types  of  exterul  corticml 
iti\i-i*>  jjj  *i\^'AA)W^UH^Hih  i»U'fii«:  1.  That  existing  as  a  perfectlr 
/tii-^iji/j  JyN*T  0^  MdratUr^l  ifi  Kotfic  cabes  onlv  h\  small  canals 
v|H'Uiu>)(  iiiW  ^t/w^iatay :  a«  in  tiK>f»t  of  the  Caeta4::ie.  Rosa.  Bc^nia. 
4^.  :;^.  'lij^Dit  'iivi'Li'iil  into  mauy  bundles,  so  tliat  the  green  cor- 
tUiiJ  i/itM'i^ili\  thu  r<'{*/'|j<«  ih<*  ej/uleniiis  :  e,  g.,  in  Malvaceae,  Sola- 
AUvtx:^'.  A-i>'.  ;^,  Thai  whi<'h  uiay  l>e  quite  distinc-tly  recognized 
4ito  41  tvj^xAittl  iu)''i.  but  iilill  grading  into  parenchyma  at  the 
W^jU'iie  ;  f..  (/ .  in  V)inH  MuhiH,  Iledera,  Fieus,  etc.  4.  That 
i^/iK'  u/^^ifU-i^i)  fn^'r^in;^  int/x^irtical  parenchyma,  and  therefore 
I^MB  dit-tij/zi  ;  t.  If.,  in  I'opnluH,  Snlix,  Saubucus,  etc.  There  are 
^/4Jiv  j/b^/U  in  s^bi<-li  it  in  not  diHtinguishable ;  e.  g,^  in  Cheiran- 
U»ii«.  j5(<£4  i^4J;i  sanihi-niinn,  <^U;. 

Ih  i*'u^m\it  and  t»|><'<'i<'ii  of  'i*halictnnn  the  cells  of  the  cortex 
^'At  !>/  U^-  <'|/id<'Mni«i  Uii\'i*  tliin  widls,  while  the  zone  next  to  the 
Axnhi^l  '  \lind<r  nun  bi'  hrlcrotic;. 

J  b^'  inn<  r  bonndaiy  of  tin*  coitcx  of  tlie  stem  is,  as  in  the 
ivx/i.  IJM'  4:nd</d<'nnifct.  '\'\\i*.  tbin-wiiUtHl  cells  Just  within  it  form 
Mm-  |/<.nj/i^<-Md  btV'i'  "^  l^>^'  <'<'ntnil  cylinder,  or  shaft. 

'M'f\.  VaHiilii/n«  In  Un*  cortex  cohHlst  cliiefl}' in  one  of  the 
f'/llowiji'/  nM/'ldiriiijiHiH :  I.  IncrciiHC  of  its  layers,  sometimes 
li/  iin  <  xh.-ioMlijiai  V  i'\h*nt,  itnd  odcn  accompanied,  es|x^cially 
bi  ii/jh  J  j/bini.s,  bs  till' riirnial Ion  of  large  nir-bcAringinterc*ellular 
iipii<  <  H.  'lb'.'  hIndi'itL  hliould  examine  the  peculiar  structure  of 
ibi'i(/tir.\  jii  iIm*  nodeu,  In  tliene  caHCH  of  spongy  coitex.  2.  It 
ba.>  bi  <  n  pjiviun>l>  bbown  (ifiri)  that  colleiicliyma  is  a  common 
nio'lifii  aiji/jj  of  roiiii'iil  |iareneliynui.  A  variation  in  structure 
rearbin{4  llic  ^aMu:  end  ad  eolleneliyn)a,  namely',  strengthening 
tin;  htiijj,  I.*)  (liinid  in  a  great  number  of  plants ;  the  cortical 
parenrli)  nia,  t^|ii'riall\  at  theonter  part,  becoming  conspicuously 
belitrolii:,  and  tint  ti.^Mue  \ery  compact.  3.  Fibres  may  occur  in 
tint  col  tits,  eitlii  r  iholatcil  or  In  Nundl  fascicles. 

iHi.').  1'hit  iMiiimr)  llhro-vuNeulur  himdles  of  the  stem  are  dc- 
vtihiped  al  jlrlluiln  jiolntn  in  the  piTipheral  layer  of  the  central 
cylinder.  'I'lieir  hlnietnral  eb*ments,  wikhI  and  liber,  vary  as 
regar<U  tlaMr  relati\i^  amount,  eviMi  in  the  sanie  plant.  A  given 
buntllt^  maN  and  gtnt  rall\  does  ebanij^e  nmeh  during  its  coui*se, 
iuterlaeing  here  and  tlure  >\ith  i>tber  bundles,  and  giving  off 
branelu*H  at  dilferent  polnU. 

^  rriiicijiWii  uf  Scieiititic  Uotuny.  y,  2^40. 
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'hen  correBponding  bundles  of  ptnnts  of  difTerent  grotipB  are 
cnmpai'ed  Uigi'llior,  some  divereitics  as  regards  tlie  arrnngenient 
of  th«!  wool  and  liber  cleincnls  are  eshUiitcd  ;  but  most  of  Ibc 
cases  can  be  referred  witlioiit  liifHfiitty  lo  Ibe  olass  of 

366.  Collateral  bumUv»  (see  313)  of  the  onlinaiy  type  ; 
nainetr,  those  having  libur  on  Hit  e\t«mfil  nspeet  and  wood  on ' 
the  iuternal  aspect.  In  some  oases,  however,  this  order  may  be 
cxticlly  reversed  ;  e.g..\H  theeortkal  rascielesof  Calycantba<«fe. 
The  nood-elcniGnts  in  collateral  bundles  are  generally  arrnnged 
in  radial  scries :  the  inner  duets  or  their  eqnivalents  (trachelds) 
being  more  slender  and  having  more  elosely  toiled  spiral  maik- 
inga  than  those  nearer  the  iieriphery  of  the  bundle.  The  radial 
series  may  bo  in  close  contact,  separated  by  very  thin  plates 
of  parenehima,  or 
may  have  a  lai'j'o 
amount  of  this  Us- 
ene  lictween  them. 
In  dieut\1edons.  as 
a  rule,  the  ducts 
at  any  given  dis- 
tance from  the  cen- 
tre of  the  stem  have 
a  noticeable  nnl- 
formity.  so  that  a 
cross-section  of 

tlie  primary  tissne 
shows  a  ninuber  of 
concentric  circles  of 
ilnets  of  the  RHinc 
size.  Sometimes, 
however,  the  ducts 
in  a  radial  series 
may  be  rediieed  to  i» 

one.  In  stems  of  monocotyledons  there  is  less  regiilariLy  in  the 
arrangement  of  the  wooil-elemenls,  hut  there  is  a  sul'stantial 
likeness  in  their  stnicture  in  any  group.  They  are  generally  in 
tile  form  of  a  blunt  wedge,  the  iipes  liiwai*da  the  centre  of  t!ie 
stem,  the  space  t)elween  the  inclined  sides  of  the  wedge  laeing 
mostly  oeciipiLHl  by  small  ducts,  wood-cells,  and  fibres. 


oaUr  bunilla,  wbkb  oniBbD  nf  a 


nninJnl  tiji  u  IiuikIIm 


nta  Hiltalnal  Bbrn-TAHnlitr  bunil'c  nf  tlie  oIMn  of  InilUn 
lijmui;  a.ftolerntni;  I,  tnnsr  flico  of  Ui«  cloaal  nttro-rnii- 
'tm  piirlinn  (|f.|r,  IwaUrin)  |alt*il  ilnrls;  ■,  t|ilra1lr 
in  unniilBr  ilivll  fiicrtftimui  lufuna.  nnfrd  \i 
n  |>lil'4ni  pnrll'Hi,  r,  o,  Tlw  wlul*  boniUg  ta  aor. 
■wulloa  oullL     (3m1i»  ) 
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867.  The  crilirose  i>ortion  of  a  collateral  biinille  on«n  lias,  in 
addition  to  true  crilirose-i^elis,  prismalic,  lliiu-wulied  ixUs,  kitonn 
as  cambiform  celit.* 

868.  Ac-conliiig  to  Vochtiiig*  the  tambirortn  and  t'rilirose  cells 
apiKar  iti  some  casea  to  Iiave  a  commou  mother-cL'U,  which  di- 
vides obliquely  in  the  direction  of  its  Icugth.     The  cambiform 


cells  may  divide  by  li-nnsveree  partitions,  and  if  the  wlls  are 
moderately  lai^c  the  last  dinsioiis  may  be  paii'iuliynmtous.  In 
most  moiioeotyledons  and  dicotyledons  the  crib  rose-cells  arc  much 
lai'gcrthan  tliecnmliiform  ones, and  their  ci'oss-scctiuns  arc  distior 
guishcd  by  being  less  shaqily  quadrangidar.  In  nrnuy  succulents 
t^ere  are  also  vcrj'  small  celts  resembling  undcreloped  cribroee- 
cclls. 

360.  The  crilirose  and  woody  parts  of  a  collaternl  bundle  are 
generally  disliiiguishable  from  each  other  by  the  lignified  char^ 

'  De  Bar?  reaorvos  for  thrae  orlU  the  U;liii  Cinnbiform,  whith  wau  a*eJ  l>y 
NiisaUw.*Mrr*e.ise. 

'  Bciti%u  lur  Morpliologifl  und  AnatomiK  dor  Rhipsalideen,  PringsUeitD'a 
J>hrli.,  1B74,  p.  »27. 

Fio.  W.  Truiivene  HKtInn  nf  n  part  nf  Ifaa  central  >;y11nileri>riIi«miitnnliypuGaly- 
Moimrr  porrlnii  or  lie  •tem  of  Ulidniu  fommunli:  r,  [Biroiiraiynia  of  tbu  prltnirr 
onrlKXi  n.  nt  llm  pllh;  livtween  riin<l  b  Is  tlie  i>liii|il«  mi<l>xl<inu1*  cnnlalDlng  Uucli- 
tnit»:  ibt  DbrivTiwciiUr  liuiiille  U  nwle  u[>  of  iIib  [ililiiCni  b,  fr.  the  iTlgm  it.  (.  >nd  tin 
nunldnm  t,  e  i  r-h,  IntsTfuati^iiliir  Mnilihim.  In  llm  ]ililiii?iri  irn  tlix  buuDlina  b,  b,  Um 
mfttan  p,  B(i*ri1y  imrviu'liymn  aii-l  piirlly  erlUniH-iiiliniK  In  tLaiylvm.uium  (iIUbI 
doiUt.f,  wl>ler]illteJ.lui;i*(;,0,  ud  betwseii  tlwm  wwa-Ubna,    (SatUi.) 
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rot  Ibc  lalli'i'  uiul  lliu  aodcr  U-Jttiiro  ol"  Uic  funiior.  As  linn 
been  bofori!  uoliwd  (soo  345),  in  {licotjlwlouB  ami  g)ninosi>erms 
ill  wliicL  there  is  aiiiiiial  iiicreaae  in  iliaineU;r  tliere  ia  a  lajur 
of  peciiUar  nierismatic  tissiiu  (wunbiiim)  botwcL'ii  tlie  two  jMirU. 
Il  is  geiierallj-  easy  to  iileiUilj  the  vulls  of  lliia  cauiliiiim  layer,  on 
aecount  of  tlieir  elongatwl  foiui 


11  and  intimate  contact  witb  eacli 


other.  Their  devolopnmiit  gives  rise  (I)  to  new  cells  like  them- 
selves, (2)  to  criltroae  and  (3)  to  woody  elements;  all  (if  wliidi 
are  to  be  examined  later,  under  "  Secondary  Slrnctnre." 

370.  The  sheaths  of  coUatornl  Imndles  may  liaie  the  character 
of  typical  endodermis  and  envelop  the  single  Itnndles.  or  inai- 
consist  of  strands  of  long  fibres  (hard  bast),  which  aiv  on  one 
side  of  the  cribrose  portion,  and  accompany  the  bundle  Ihrongh 
ita  whole  course  in  the  stem.  The  strands  of  fibres  frequently 
encroach  npon  the  cribroso  part  of  the  bundle  bo  niiicli  as  lo  be 
more  or  Icaa  commingled  witb  it  (sec  HI  1 ). 

371.  The  stem  may  sometimes  have  bicoIUtteral  bundles  either 
(  I )  with  the  woody  part  on  the  interior  as  well  as  on  the  exterior 
aspect  {e.  g..  Cucurbitacere),  or  (2)  with  nn  envelope  of  wood 
snrronnding  the  liber ;  this  envelope  is  seen  at  the  extremiticB  of 
the  bundle,  while  the  rest  of  it  has  the  onlinaiy  charBtter  (Iris). 

372.  The  bundles  of  the  st<-m  may  Iw  concentric  (see  313) ;  a 


Fi<3. 100.  I/<n(»n<1lTiKl 
bidnt  (liown  In  Fig  M): 
p.  p(ilotlni-p«nrncb}'ni»:  r 


H1  rf  ■  Bbro-tMcqli 


lenfKklnnXtbBnawac 


it  |«r«tir1irniii :  gn.  hnnille-tliHtki  h,  hut-llhrai; 
1  (ihc  riiw  pT  cellKlKnvHil  i:  nn-l  p  il«ia1a|ia  itfloT' 
t*1"m  pnrdnn  oT  Wif  hiiniH»  1li«  clommn  ■«  ilergl- 
w  nnt  utaiHlir  uiil  Iiwr  ■iHral  ilact-.  >•'.  wlilBvpIiKl 
dun.  Iblakcned  |«rtlr  li>  ■  ■Mtkrinirm,  fartljr  In 

i'.  pill*!  duct,  (till  faunii;  )D  J,  t,  «nd  f  t1«  Nmmlivr)'  lino  nT  Uis  MJnlnlne  mII>  which 
kitra  baui  remand  bdj  abown  bi  Uia  vsU  of  1^  duota;  m,  |ian<ieb;Bia  oT  tit*  plUi. 


nrdali 

afad  UHcaaliely  from  >  to  (' ;  a 

dnet,  thn  r\*nll  bnitd  nnoofllngi 


124 


MISITK  STRUCTUltE  OF  THE  STUM. 


ritig  of  lilitr  iiiav  stirnnimi  tht-  wlioli'  of  tlic  wooilv  portion,  or 
lilt  wood  may  sufmiuikI  tliL-  lil>er.  Tin-  riiitn<T  u(  tlicst-  arrange* 
iiieiiU  is  cotunioii  ill  tlic  vuBcular  L-n*|ilogikms  (hi-i;  3H). 

373.  Ttie  iJitli  of  Uic  bU-iii  cunisistfi  of  i>aivi)ei]\'nia  fnMjuently 
iDtcnniiigic<l  witli  otlitT  Btnietiiral  olcmcuts  in  Kinali  nmount.^ 
(•a[x'c-iuily  ioiig  (ibrt-s.  woo<Iy  in-iiBeiicliyina,  ami  Intos-i-oils. 

Tliu  pareiicliyina  (.flls  of  pitli  liave  i»ecii  cinssifiwi  in  tlie 
following  umniier:  (Ij  active  ctlis.  iiaving  tlio  offltt-  of  storing 
stanli  and  other  assimiUtMl 
produets  for  a  time :  (2)  crys- 
tal-cells, in  wliic'h  crystals  arv 
formed  ;  (3)  inactive  cells, 
which,  having  lost  tlic  power 
of  re<-civing  utarch  or  other 
[iroducls,  I'emnin  empty. 

T1k'8c  appnn^ntly  unimpor- 
tant distinctions  have  been 
shown  by  Oris  '  to  be  valuable 
in  the  identification  of  consid* 
I  erabie  groups  of  pinnts.  Rth 
coni[K>s<?<l  of  active  or  inactive 
cells  alone  is  tennod  by  him 
'"'  liomogtriR'oug :  that  wliit-h  con- 

tains more  or  less  of  liotli  kin<ls  of  cells,  he teixige neons.  The 
arrangement  of  the  elements  in  lieter[>ge neons  pith  is  so  iieariy 
constniit  as  to  have  ninch  interest  for  the  systematist 

374.  The  niediillary  rays  comprise  the  conjunctive  parenchy- 
ma, wliieh  lies  b(>twcen  tlic  bundles  in  the  stems  of  normal 
(licoty legions.  The  cells  arc  for  the  most  pari  much  Hutteiicil 
radially,  always  so  in  those  cases  where  the  bnudies  iiix-  closi'ly 
npproxim.ited  (see  also  -207). 

.•17.'t.  The  stem  <leveloiis  fVom  the  bnd  liy  c.^ension  of  iU 
intcrnodes.    AVhen  these  have  attained  a  certain  length,  <li(rereiit 


I  Tl.r , 


■iilini 


mi-tiiri>H  n>iiiii1  err. 


('  i>'ri|>)ivt.v  of  llic  |uth  ol 
ntnki'Ti  for  fungi,  but  linve 


Sanibiinii-i.  mill  nnmcIixirH  in  tliu  hark,  Imvi'  Uvii 

bwn  shown  liy  OmlriiiiKH  dikI  hy  Di]']!*)  to  1*  r« 

nwimi  niixiiirp'nr  tunntn  dimI  otlipr  ninttBra  (Verh.  d.  Nut.  Vrrriiis  U.  Pn  iisspua, 

RhviiilniHle  uimI  Wostiilinli'iix,  ISfi't,  ]>.  1). 

•  A  ilMtailrtl  Mvnniit  of  tliu  iml.TH  uf  ylmU  ciniHiiii-iI  liy  <'-rU  will  be  Umiu\ 
in  Nnnvplirs  urcliivrt  lUi  Mii-stiiini.  1,  vi.  fuMv  «.  4,  \i.  2iil  (i>  plates>.  An  extnict 
from  tlir  siiuir- iH  givc'ii  in  Aim.  .\i>«  &■.  (|;|1..  •■/■r  .1.  tmue  xiv..  1S72.  )-.  "4. 

Ffo.  101.  Clelhn  ■Inifolis  LniiRlIiidlnal  KcUim  I1irnnf[h  the  raHcalnlnl  I'lth  ol  i 
jDiing  brmncli;  eacli  acllvs  cell  cimtftlna  a  nurleiuuHl  chloropliyll  gmliiB.  Dncmbcr, 
lOrtn.)  ' 
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for  diflfn-nt  riUinis,  iiml  (U'pcmlitig  oflcii  on  soniL'  exUTnnI  con- 
(liUtiiiii,  tlie,v  ilo  nut  l'urUi(!r  clonguU';  hut  tliusu  tissues  uf  tJii: 
iiilci-nudcs  hy  wliicli  yrowlh  in  U-ngtIi  has  taken  place  Iwcome 
aradually  firmer,  and  t-oiistituto  porinaiient  tissue.  It  sometimes 
liappeuti  Ibat  ttio  nudcB  ami  iulomodi^s  or  llie  &leiii  are  nut  plainly 
dislingui»lml)lc  fVom  eacli  otlii^r.  This  is  tlie  case  in  most  paims, 
where  tlie  gronlli  takes  place  I'rom  tlie  terminal  buil  alone. 

376.  Kven  a  cursory  ejcamination  of  the  structure  of  a  8tt?m 
wtiieh  has  tiius  unfolded  fhiDi  a  bud  shows  that  tlie  number  and 
tbe  distribution  of  the  bundles  have  tnnoli  to  do  with  the  number 
and  iJic  arrangement  of  the  leaves.  Comparative  investigations' 
of  large  orders  of  vascular  plants  have  shown  that  tlie  number 
of  the  bundled  of  the  stem  always  liears  some  relatiuu  to  that  of 
the  leaves  at  a  ^iven  ixtrtioii  of  the  axis,  and  to  the  arrange- 
ment of  the  leaves,  "The  more  Imndles  in  a  given  Heaf,  and 
tbe  greater  the  number  of  leaves  in  a  cycle  or  whnrl.  (he  more 
niimerouH  will  l>e  the  liundles  in  the  stem  at  that  level.  In 
monocotyledons  with  a  lat^  crown  of  leaves  these  two  condi- 
tions are  met  with,  and  in  these  stems  arc  found  the  greatest 
numljor  of  bundles."  " 

377.  Course  and  dlstrfbnlion  of  th«  bundl<!H  la  tius  «tem.  In 
the  intcmork's,  tbe  bundles  mostly  run  parallel  to  the  asis,  or  in 
carves  of  very  long  rmliiis;  »l  the  nodes,  tlu'y  may  interlace 
trojisvi^rsely.  If  a  bundle  U  followed  tl)rongb  its  course  fixim 
Iiclow  upwards,  it  will  be  found  to  branch  at  somu  of  the  nodes ; 
the  branch  of  the  bundle  going  tliit'etly  into  the  leaf  at  that 
|Kiiut.  or  else  passing  upwai'ds  through  other  nodes  until  it 
reaches  a  leaf,  the  immber  of  nodes  traversed  varying  according 
lo  tbe  kind  of  plant  and  the  region  of  tlic  stem.'  More  than 
on«  branch  of  tii>-  bumllo  may,  liowcver,  go  to  a  single  leiiT. 

37^.  If,  now,  the  course  of  tbe  bundle  be  examined  from 
above  downwards,  it  can  be  seen  that  each  leaf  contributes  it« 
simple  or  compound  fascicle  to  the  larger  bimdle  with  which  that 
from  the  leaf  sooner  or  later  becomes  coufluent.  Tbe  fascicle 
from  thu  leaf  can  (Vequcntly  be  followed  ilown  for  several  inter- 
nodes  as  a  separate  thread,  the  so-called  foliar  trace..  If  such 
foliar  traces  arc  nearly  isolated  in  their  course,  a  cross-section 
of  tbe  stem  will  give  a  ground-plan  of  the  leaf-arrangement. 
Usually,  however,  there  is  much  complexity  iu  the  distribution 


'  Safttii  :  BeitTBgi^iur  wisseusch.  IJotaiiik,  1858,  and   Han 

id's  H\\r\>..  1S58. 

*  Vaa  TieghKiQ :  Traiti^  •!«  IIotaai<|ue,  1S3),  p.  749. 

■  Van  Tu^heni :  Tnibi  ite  Bataui<|iie,  18S4,  p.  733. 
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L  bk-iiding  or  Ibc  litiiidles  at  the  node  Ivloi 


of   the    rasL'iclcs,     and     tliey 
i-nrve    cons idei-a lily    m    Ihrir 
ooiirae,  so  timt  it  la  often  diT- 
ficult  Ut  ToUow  the  foHar  trace 
for  more   tlian  a  short  dis- 
tance.    If  the  stem  ha«  alter- 
nate leaves,  the  direction  of 
the  foliar  traces  will  of  coiirec 
be  different  from   tiiat  in  a 
Btem  with  opposite  or  verti- 
cillate    arrangement    of    the 
leaves.    The  following  figures 
exhibit  the  course  and  dis- 
tribution in  a  few  cases :  — 
In  the  leafy  shoot  of  Clem- 
atis, Fig.  102,  the  leaves  are 
opposite  and  deeuBsate.  From 
each  leaf  there  descend  three 
fibro- vascular     bundles  ;    for 
instunce,   at  the    lower  nude 
there  arc  a,  b,  v,  atid  e.  /,  d. 
The  leaves  at  the  no<ie  next 
above  decussate  with    those 
liclow  ;    eaeh    of    them    baa 
three  fibro- vascular   bundles, 
resix'clivcly,  i,  ff,  I, 
and  k.  A,  m,  which 
become       soniewbat 
smaller  us   Ihcy  de- 
scend  to    the    next 
nude,  where  Ibcy  lie- 
come   blended   with 
the    bundles    there. 
An    exam  illation    of 
the  thii-d  node  shows 
that  tie  two  leaves 
there  contribute  bun- 
dles to  the  axial  cyl- 
inder; there  is  again 
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liotb  lAti.>ral  strnnds  of  a  leaf  in  such  a  case  as  tliis  run  dowti 
through  uiie  iiiternotle.  head  oaVvi&Tds  aX  the  node  twiow,  and 
attach  themselves  to  tlie  laturul  slrands  belonging  there. 

SupiKMo,  now,  that  u  eross-seelion  of  the  stem  of  ClemaliB  is 
made  at  llie  lowest  iiwle  rejH-esented  in  Fig.  102 ;  all  the  fihro- 
vasciilBr  bundles  at.  that  jioint  will  t>e  seen  in  their  relative  jiosi- 
tioiis.  some  ot  them  cut  squai'cl}'  oft', 
ottiers   oliliiiiiely,   accoi-ding   to  curves 
which  they  make.     A  cross  suction  in 
the  inIerno«le  above  would  show  slen 
derer  bundles,  but  all  arranged  in  mu<-b 
th»  same  manner  us  in  the  thicker  inttr 
node  below  ;  that  is,  in  a  circle  ' 

The  circle  is  made  up  of  fibroias 
culnr  bundles  which  have  an  inner  por- 
tion of  wood ;  within  the  circle  is  paren- 
chyma (the  pith),  and  outside  of  it  more 
parenchyma  (the  cortex),  which  can  be 
stripped  ofl*  with  the  bast-jmrtion  of  the 
central  cylinder  as  bark. 

Compara  Fig.  102  with  Fig.  103.  In 
the  latter,  the  stem  does  not  exhiliit  in 
cross-section  the  llbro-vasenlar  bundles 
arrangMl  in  a  eirele :  they  are  more  iii- 
less  Rcaltered  :  there  is  no  clearly  de- 
fined central  i)ortion  uor  well-markwl 
outer  portion  free  from  them.  Hence  it 
cannot  be  said  that  such  a  stem  has  any 
distinction  of  pith,  wood,  and  bark. 

A  further  distinction  may  be  here 
not«d :  namely,  that  the  bundles  in  Fig. 
102  have  the  power  of  increasing  in  "" 

thickness,  adding  new  wood  and  new  bast  to  the  primary  stnie- 

'  Another  Teaturs  luiut  be  utteutivelj  dtiiili^d  ;  nnniely,  the  relution  of  the 
rorming  bandies  to  tiie  young  lenrfs  nt  the  uiiper  put  of  the  stem.  One  ma; 
my  iho  bunilles  ileacend  from  the  leaf  to  the  stem,  or  ascend  from  tiie  Btctn  to 
the  leaf.  Bnt  lince  the  devetapment  of  the  leaf  pnrt  nud  thi>  stem  (Art  of  a 
bnudle  goe*  on  together,  Iheee.  teniui.  lUFciuf  and  dfxmd,  should  be  ander- 
■tovd  to  refer  to  our  method  of  tracing  Clic  bundlea  out,  and  not  lo  the  method 
of  their  derelopmciil. 


boUi  Qtin*ii>  Yuioflim 
Via.  im.    Lxnirltnit 


ii  putt  of  r«an* :  *.  I,  flwrlr.lea  of  Uio  fuortli  pair  iii 
i|n?I  Intm  not  ujret  liaTlng  Cucluli*.    TIio  •llac 

1C  VIlKllA.     INlcDlll 

K'tlmi  Ihrongli  tliratam  ofAiiiI'llilTa  oUlliir.  •liuirliig  Uie 
Moular  bundle*  In  the  daplcM  palm-tjpe.    (Kklkvntorg.) 
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the  centre  of  t\u;  stem,  mid  that  the  hai-d  and  thick  vascular 
biinill(.-s,  situated  Ht  tlio  iRTipUory  of  the  etciii.  are  older  Uian 
tile  Bollci'  ones  occupying  the  pctitre.  Vor  Rli-tus  like  those  or 
Palms  Imj  used  the  tcint  endoffvnous,  giving  the  name  KTogenoua 
to  Uh;  other  doss,  in  whicli  new  layers  aw  addcil  to  the  outside 
of  the  wood.  The  t*Tms  endogenous  and  exogenous  were 
adopted  liy  Du  Candotle,  and  have  plajcd  an  iin|>oi'tant  part 
in  Systematic  Dotuny.  Comparative  researches  have  shown  Uist 
the  term  endogenous  as  applied  to  the  growth  of  st«ms  like 
those  of  I'alms  is  not  appropriate,  and  hence  the  correlative 
wonis  Itavc  lieen  geneiuUy 
abandoned  as  names  of  the 
two  great  groups  of  plants. 
Tlicy  are  now  generally  re- 
placed by  the  words  tiionocoty- 
ktlunnus  and  dicolyletlonons 
(«te  Vol.  I.  p.  CDJ. 

Moreover,  it  is  now  gener- 
ally admitted  that,  allliuugli 
the (listiuetions  |)ointedout  in 
Slit;  —  namely.  th(:)se  relating 
to  the  arrai}gemeot  and  conrse 
of  the  bundles  —  are  valid  for 
most  [ilanls  of  the  two  great 
groups,  monocotyleilons  ami 
dieotykilons,  thejdo  not  holil 
for  all. 

'i^a.  Instead  of  describint; 
the  numerous  exceptions  to 
Uilh  of  these  gron^is  as  ex- 
;'«l>tions,  many  authors  have 
fndeavored  to  eonstruct  some 
new  i-lassitlcHtiuu  whicli  shall  i^i.^ 

embrace  most  of  the  aunmn- 
Ilea  in  one  or  more  eo-ordinatii  divisions.     Of  these  attempted 

trndriU  U  rumiicd.  Kvcrj  Imr  iiu  flvp  tibro-Ta«nn1ai  bundles,  which  nre 
■rrangiil  an*fniiiivtriivlly,  iia  Bhnwn  in  tlio  dffm.  Tliv  lung  dixbince  throagh 
wliinh  wmo  bundles  «n  mo  ytftatv  iinitioj;  with  any  othrra,  and  the  diOermocB 

ill  Klnuitiirp  Hi  llio  iiii™iiwivi'  niKlrs,  nre  rlniily  dliihilw!  in  thu  ilinf^m. 

Ph).  lun.  niacTiui>i»aHc!|>r<i]«<-'lli>niiri1>B<U>raHltlnniirUHillbra->«*cpUr  hnmllMln 
I  (alitiirta     Tli<ii  ina(tiiai,  llkn  T\f.  IM,  iu|a>n*"*  t*o  lotigltDiIliiiil  Kollima, 

,».>; ',>ii.i,<>,' •f.r.i.f.-u.r.v.i,' tbaaiKW 

L    or  Itiv  urper  kaf-lnao.  ihe  Bnt  Iwo  tWokle*. 
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',  anil  that  only  in  part 


(.■l.\.  ik>  llaiy' 

I.  The  jiBliu-t_v|ie.  A  cross-sw;- 
tion  of  most  iiHUiocotjledons  shows 
that  the  bundlL's  are  not  anangctl 
in  a  simple  ring,  but  that  thei  arr 
irrfgulftilj  Hcallt'red  or  i 
Ipss  crowHotl  to  furni  n  shaA   ' 


may  be  hollon  aa  in  moat  grasses,  or  filled  in  t\w  centre  with 
parenchyma  through  which  scattered  hiindlca  run.  The  periphery 
of  this  cyUnder  or  shud  is  not  a  trne  l)ark.  nor  is  the  middle  a 
true  pith.  In  the  simple  pulm-type,  all  the  bundles  are  leaf- 
strandH. 

II.  The  dicotyledonous  type,  in  which  all  tlie  primary  bundles 
are  leaf-traee  threads.  The  bundles  are  ananged  in  a  simple 
eirele  within  whiih  is  pilh,  nntside  <)f  whinh  is  ct>rt#x  ;  medullaiy 


Fio.  ins     Tmiiiiorw  wclinii  Uiri.agb  tbeoaler  psxn  nt  the  (tern  nf  Kaiitlili  in«j- 
e  tnhliUe  part  of  [be  nUm  of  Coiy]4i« 
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mya  run  between  Ihi'  parpuohjma  of  IIr>  |iilli  and  that  of  the 
cortex.  To  tliiu  tj'po  bdluiig  moet  (li(X)tj'li.'[]oiis,  ConH'cne,  and 
GautaL-uO!  (^wUb  the  exception  o(  Wulwitschiu'). 

HI.  Auomalous  dicolylcdoiia,  (lilleiiug  Cruiu  the  last  in  not 
having  all  their  piiiuary  l>uii<llc»  urrikugeil  in  a  simple  circle. 
The  extra  bundles  may  either  lie  in  ihu  coitex,  as  in  some  Mela- 
atomaceie  and  Rhipsalideie.  or  they  may  lie  in  the  pitti  either 
BCBttcn'd  or  arranged  in  rings,  as  in  Cuctirliitaceje,  the  herl>a- 
ceoiis  Ilerbei'idacea!,  species  of  Paparer,  Thalictrum,  Aniaran- 
tua,  and  Phytolacca,  many  Nymphaiaccie,  some  Beguuiaceie,  and 
a  few  species  of  Aralia. 

De  Bary's  other  classes  comprise  anomalous  inotiocotjledons 
and  certain  higher  cryptogams. 

381.  To  make  clearer  the  somewhat  eomplicUted  structure  of 
palm-stems  which  have  unfortunately  been  selected  in  many  text- 
books to  illustrate  the  histology  of  monocotyledons,  a  few  general 
statements  are  now  given  us  introtluctory  to  tlie  special  treatment 
in  the  note.'  That  iwrtion  of  a  palm-sti?ui  which  lies  alrove  the 
lowest  active  leavus  (Ixftter  called  _/V(W((i«)  is  of  a  conical  shape, 
is  onen  much  elongated,  and  carries  all  the  new  and  forming 


'  For  a  doRnjitiaii  of  ihii  intereiting  plant,  and  ui  accannt  of  ita  peculiari- 
B,  coiuult  J.  D.  Hooker  od  WelwiUohU. 


*  The  FJit™i^oi>  '■y  ^'  ^"^  °f  ■bo  structure  of  the  ffim[itvr  form*  of  PhIiiih  is 
pvea  nnitly  in  fall  in  the  tronalalion  which  foHowa  :  — 

"Sinw  the  ajipearauce  of  Mohl'H  rnliuenanittomie,  thefDlloving  nutinchar- 
•ctan  have  been  rmxigidiled  ua  tN?l(inKing  to  the  siuijile  |«1ni-ty]>e. 

"  All  tha  bandies  in  the  cyliuderfwith  aonie  doubtful  and  certainly  cxtrancly 
inngnificant  eiccptlona  which  will  bo  mentioned  later)  are  l«Bf-tnu»«.  The 
baw  ttt  the  leHf  indndea  thu  whole  ciruumrercnce  of  the  atom,  or  at  any  rate 
the  greater  part  of  it.  The  Uaf-tragv  ia  always  scTenil  threaded  :  gi^nerslty  it 
coDRiaU  of  many  threads,  in  etont  slems  unn  of  a  imiple  of  hundred  ;  its  width 
is  nearly  thp  whole  of  the  circumfereni's  of  the  stjdk.  Prom  t1>e  hiw  nf  the  leaf 
the  threads  curve  down  into  the  cylinder,  within  which  they  descend,  some  in 
ite  outer  lurface  and  nearly  mJinl  and  perpendicular,  others  radial  and  obliijue. 
Hnrt  pnwing  inwnrd  toward  the  long  axia  of  the  cylinder  in  a  curve  which  is 
niiiTex  townrdfl  the  upper  nod  inner  side  of  the  stem,  then  carving  outward, 
and  gitulually  poising  towards  the  outer  surface  of  the  cylinder,  nnd  in  pmpor- 
tioD  as  tfaoy  approach  this,  approiimating  towards  a  pergiendicular  position. 
All  thmuls  descend  through  many  intemod«s,  and  unite  at  Inst  in  th>^  outer 
portion*  of  the  cylinder  with  othen  which  enter  it  further  dovm,  attaching 
IhemselvBi  to  these  in  a  direction  which  is  noirietimei  tangential,  wimctimes 
ndint.  and  sometimes  obltrjuo,  t'ntU  this  ottnchtDent  of  their  lower  ends,  the 
bandies  run  independently.  The  union  of  tlie  lower  uuU  of  hundli»  with 
other*  that  enter  the  cylinder  Idwct  down  gpnurslly  taliea  place  in  such  a  wny 
ttiat  the  whole  number  of  the  bundles  in  successive  inteniodni  of  eqml  clr- 
eiunference  remains  about  the  same.     As  the  successive  intrmoiles  nnd  Imtim 
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Icavca.  It  is  known  as  the  I'hijllophore.  The  newest  leaves  are 
fonncd  nearest  llie  a|)ex  of  this  cone  ;  and  here,  as  before  »kown, 
all  the  fihro-vaseular  bundles  uonimon  to  the  leaves  and  stem  origi- 
nate. In  most  c'ases  there  is  absolutely  no  increase  in  thickness 
of  the  stem  below  the  base  of  this  eoiie ;  but  as  tlio  apex  of  the 
cone  is  developed  and  exleniU  furtlier  upwards,  tlius  elongntiii;: 
the  eteu),  there  is  also  a  giuwtli  in  tiiickncss  of  the  part  of  Ilie 
cone  just  atiove  its  Imse.  Thus  a  uniforai  size  of  the  cylindrical 
stem  is  kept.  But  such  increase  in  thickness  cannot  continue 
below  the  [loint  ut  which  thei-e  are  active  leaves. 


"  Those  buiidlps  In  a.  Ipaf-trncc  wliich  curvu  like  a.  Imn-  lo»-BrJs  tho  uudiile  of 
■  cylinder  do  not  pi>ii«tnitu  to  tf\\a\  dciitliM ;  as  n  f;iMmra1  tiling,  tliv  niiHli]!]] 
bundle  or  n  Hcriex  lien  dM]>e!it,  mid  the  otlien  lie  tisa  d<-eji  jii  ])n)]Kirtiim  to  tWr 
diltuice  from  this  ;  tlie  niaiKinal  ones  <l.-aii;iid  in-nrly  jwrjieiidiiuliiriy  iii  tin: 
outiT  (urfsii;  of  tin-  cylinder,  Whi-n.'  llmro  am  Rcvuml  Bcrii-a  of  biiiidlpa,  thoH! 
in  the  inner  wriM  generally  peuetrati!  mora  ili-cply  than  those  in  the  outer 
ones  which  lie  at  an  njunl  itjatance  Iriiiii  tlip  ttiettian  thread. 

"■  eiinseniieiii'cs  of  the  coiirwj  described  nre  ;  firat,  that  in  the 

inU-ruode  the  bundles  ndind  elosiT  togetlier  in  l>ro|iortioii  as 
theyure  ii.flrert^tiie outer 
Eiirlhi'e  of  the  i;yliiider,  — 
a  pliuiiiinii-iiou  which  la 
es|ii'cinlly  noticenUe  wheu 
the  bundles  nre  distributed 
over  the  wliol»  Huriuce  of 
the  vross-HectJuii  of  the 
cylinder  ;  second,  the  auc- 
ceHsive  traera  dwindle,  and 
their  eiirviiifc  tllmKls  Ktom 
ench  other.  Molil's  iide- 
bnilei)  {ilnii,  widoli  is  lirrc 
reprmiucwl  in  Fig.  108,  ox- 
hiUts  this  hilliT  n-latioii 
hi  a  nidial  longiludinnl 
section,  bi'in);  Imscd  on 
the  untenable  iissiinil>tioii 
tlint  all  the  tlirKida  of  ii 
tmre  are  nearly  «|unlly 
riirveil,  and  arc  Jilni^ed  in 
n  tanKenlially  peqiendicu- 
ilimition,  no  tliut  they 


i 

7 

fnni 


11   tlie 


I 


STUIS   l>F   MDSOCOTYLKDOSS,  138 

382.  Bmnucr '  liat  shown  that  thv  ImmikM  iu  IMins  <li>  nut 
vrul  biiiidly  at  thvir  \u«vr  OKtrumitivs  uiiod  the  80rf^M>  of  tUo 
»lrm.  but  that  Ihev  art  fOUuet:t«Mi  in  set-tions  or  itivistous  lh)iti 
bast-  U>  summit  one  with  anotliiT,  am)  one  on  top  of  aiuilhor. 
He  has  farther  shown  thai  fiu-b  bundk-  lies  in  a  a|iiral  curve 
within  whiob  it  grows :  and  wbtalitr  it  returns  to  Uio  surfave 
upon  the  aide  in  which  it  originated  or  upon  thu  opposite  side,  it 
b  always  in  this  cnrve. 

S»*3.  The  8truetur«  and  de\'<'lopmeiit  of  nionocotj'lcilons  linvu 
rropivcd  luuch  attention  during  the  last  Ibw  j'cars,  and  the 
results  obtained  have  caused  somo  niodiliL'Ution  of  previonslj' 
exiiUing  class! fintti one.  Two  of  the  proposed  luetlioiU  of  rc- 
arraiigt-inent  are  herewith  given:  — 

3x4.  Falkcnbcrg  rtfogniaea  the  three  folloniiig  t>|iesuf  sUiJUS 
of  nionobotvledons. 

I.  Tlie  tissue  of  the  central  cylinder  is  not  plainly  sciiarablfl 
even  in  its  mature  stnU'  into  conjunctive  parenthyma  and  tlbro- 
vasi'ular  bundlea.  (To  this  typo  belong  the  wntrr-planU, 
Zo»tcni.  Pobimogeton.  and  probably  all  aubmei'ged  luononoly- 
ledons. ) 

II.  The  bundles  and  the  flindamental  tissue  are  plainly  difibr- 
enliat^il :  the  fbrmcr  esU-ntling  almost  hfirizontully  tVom  tlto 
leaves  to  the  middle  of  the  cylinder,  then  eu^^^ng  downwardR, 
running  outwards,  and   finally   terminating   iu  the   8U)>erSuial 


IsiuiDiiinJ  tlial  tho  loaves  ultematc  rilh  pfmbrlyonc  haU  illretcnin'.  nliil  in- 
dwlc  th«  Blimi,  and  that  llic  thrBoda  ttaad  tan^nlJiklly  [«rp<'ii<lipiilar,  ihitii  tho 
aetnal  ivutw  in  (he  ilaiii  triil  be  thofn  iii  tlip  plaii  a<  a  railinl  »cliau  Cliroii([h 
Iha  mnlian  thnwl  of  a  \tmt  girun  in  Fig.  lOi.  Uiit  tlin  H->iiTii(>llon  ofa  radi- 
ally pPTpeitdicular  count'  u  raUd  unly  for  llnnp  bundli-s  whirh  mn  also  taiiK><a- 
tUI]'  twipBiiilii^lUar.  An  viaa  Ural  oWrvol  bj  Mi<n<'i;liiiii,  utinitlril  aftarviarda 
iy  »M  (Venn.  SchrifliMi.  l>.  ISD).  iind  mow  miimlvly  xhxwii  l.y  KiKDli.  iwh 
radially  cnrriiig  thread  nius  also  in  a  tAneEiitlally  oUiijui^  direction,  and 
in  wjiinU  irarvKH  wliiub  are  |irupurtiotmle  to  thu  nulial  nirving.  KarcII  founil 
tbeniBdiiin  Uirrod  uf  a  leaf  of  ChamKiloraa  elntior,  Mart.,  for fxami))!,  nutkitiK 
11  Nvofaciuns  in  aix  inteniodi'B ;  in  tlie  axlh,  it  hrid  not,  in  its  outward  rniurM, 
<[ultfl  rvaitliwl  tba  mitldle  pnint  hrtwevn  the  crntre  of  tlie  ■tolD  anil  Iho  Inuer 
■uHace  of  tlw  hark.  In  »tenn  with  very  short  inteniod™  and  elowly  crowded 
bandlna  llu>  iiiini  ciirvra  am  at  on<v  |wnv|itih1e  in  Ihx  umw-arctlmi,  bcitiK 
[ilaiuot  in  Ihr  biindln  uf  the  ateni  of  Xantliorrhoea,  which  prrm  alniMt  hnrl- 
MUtally  t«wnnU  (ha  cnntra  of  tha  *tcin,  tliis  prauliarily  gl*infi  to  its  ema- 
•ectloD  the  *imii|^  apiiearvnue  whiirh  haa  Wti  rreqai'nlly  iiihtiIIoiimI. 

"  Pinall)-,  many  ririntionB  from  lliat  «mr*!  ot  a  tlireivt  which  ha»  hers  been 
dcaeriWI  «  tyjiical  may  oo^iir ;  Thi>m  may  ho  <-iirviri){H  altiimntflly  toward 
tlw  ontaide  nml  the  fit«i>le,  ete.,  whirh  are  not  ronatnnt." 

■  Pr)M«rdini,iar  American  rhilnaaphlral  Sodnty,  1SB4,  {i.  UB. 
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layers  of  tlie  eeiiiral  cvlinder.  (The  Mohl-Mirbel  Pulm-Type,' 
illustr.'Ued  liv  AsparHgus,  Iris,  Canna,  As]>itlistru  (see  Fig.  103), 
Avonis,  Scirpus,  Zca,  eU:.,  the 
undoi'ground  parte  of  Lilium. 
Tulipa.  etc.). 

III.  The  bumlks  and  thu 
rimdamental  tissue  are  iilainlv 
differentiated;  the  biiiidieB  niii- 
iiiTig  dowDwai'ds,  and  gradimlly 
O'livei^ng  at  a  [mint  in  the 
middle  of  the  central  cylinder, 
here  blending  with  the  leaf- 
traees  of  older  leaves,  without 
again  curving  outwards.  (Ex- 
amples are  afforded  by  Trades- 
cantia.  the  pnrt«  aliove  ground 
of  Lilium.  TnlijMi,  et«.). 

385.    Ouillard*  describes  nis 
ty|>es  of  structure  in  the  stems  of 
"I  monocotyledons    which    depend 

chiefly  upon  tbe  ivlations  of  a  central  zone  (called  "  iuU^rme- 
diate")  to  the  fibro- vascular  Imndlea  in  the  remaining  portions  of 
the  stem.  The  clasHili cation  has  no  substantial  advantage  over 
that  of  Falkenberg. 

■  TbiHe  lypefi  vrill  be  better  uuilrrnlood  »fteT  same  |>H'uliaritic8  in  the  tm- 
■ninology  are  fxplsined.  By  "  {nth,"  in  iii(iii<Ki<tfleilons,  Guillard  mesaa  the 
oentnl  rrglon  of  pHreachyraa  ;  by  "  inlprnieiiiale  Eone,"  thi>  netive  tone  jranie- 
dUtoly  RnrroiiTiding  the  central  region  :  by  "  cortiitai  xone,"  the  zone  outMile 
the  pxWrml  alteh  ot  liiindlcn  aiiil  tbe  proibiPts  of  the  intermediHte  zodb.  Tho 
■ix  lypCT  are  the  Mlowing :  — 

lat  Type.  Xn  Inlenonliitte  /cine  between  tbu  pith  and  cortical  zone ; 
e.g.,  Polygonatum  vulgsre. 

2J  Type.     An  intuminiiaie  zone  wptvsented  l>y  different  ti«sne«:  — 

1.  ConaistinKofvBulinoliuDdl>^;  e.g..  Iris  Horenlinn. 

2.  Conntatinft  of  ineristemiforni  liasii'-  (that  ifi,  liiaue  which  produced 

from  sei^iindiiry  mcriHtem  retain*  the  shape  but  not  the  sctivit;  of 
meriiteni)  ;  e.  g..  ChamiedoreB  elatior. 
8,  Coniu^ting  of  a  fascicular  aheflth  :  t.  g.,  Epipaetiii  paluBtria. 
4.  Conaiatinjt  of  the  three  foregoing  ;  *■,  g.,  Ainiroa  Cnlonms. 
8<1  Type.     A  singip  dtenial  lone  of  hundlei.  with  n  iwtential  inlennediato 

wine ;  I.  S;  Loznla  campeatria. 
*tli  Typr.     Common  hnndlos  in  two  itroiips  :  onn  at  the  centre  of  the  item, 
the  other  forming  llic  ordinary  ciirlp,  n'liimiti^d  from  the  first  by  a  poten- 
tial intemimliale  zonr  :  t.  9,,  Tmdewiuilia  Virp'ii™. 
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Secondakt  Stulctcke. 

38G.  It  has  bcpt)  DOtk-ed  tbat  thi*  libro- vascular  liuiKllea  of 
uioiioi'uU Icdoiis  (lifTer  tmm  tliosc  uf  dit-otj  IciIdiib  i^liiedy  iu  tlie 
Itosst^ssion  bj  tlio  latter  of  a  layer  of  ni<^i-iemHtie  tissue  (cuuibiiim) 
between  the  iTibroae  and  woody  portions.  The  stems  of  peren- 
iiiiU  dicotyk-dons  inertnse  in  thidJnesa  fiiHJi  yeuf  lo  year  chieHy 
by  tlio  aQDual  production  of  a  new  niuss  of  nuud  ujmu  the  in- 
side of  this  layer,  and  of  libei' 
ujHjn  the  oiiteidc;  but  the  stems 
of  niottl  monocotyledons  have  uo 
provision  for  annual  increase  in 
diametor.  Ilenee  it  is  eonvcnient, 
in  spile  of  unmerous  anomalies, 
to  consider  the  secondary  struc- 
ture of  the  stem  under  these  two 
heads. 

SH7.  Seconilarr  stmctnrc  of 
■nonoeotfletlonoiiH  stfins.  As  has 
been  already  observed,  the  pri- 
mary  bundles  in  palms  run  from 
the  leaves  in  curves  of  long  ra- 
dius until  they  again  approacli 
the  surface  of  the  stem,  and  their 
fullest  development  is  found  in 
the  middle  part  of  their  course. 
While  B  cross-section  eshibils 
these  bun<llcs  as  scattered  without 
much  order  in  a  mass  of  paren- 
chyma, a  Tertieal  scilion  shows 
that  tliey  have  culered  the  stem 
at  different  heights  (since  the 
k'avKs  with  which  they  were  develoiiefl  were  at  lUfl'erent  points 
on  the  stem).  A  vertical  section  can  display  only  parts  of  most 
of  these  curved  bundles.  At  the  stem  of  a  palm  just  lielon  the 
crown  of  leaves  there  are  as  many  bundles  seen  in  a  cross-sec- 


Oth  Type.     A  central  inaas  of  secoiid&r;  tiiaae,  fotmifil  from  c 
tam.      Intinnwlinte  loue  well  devalopcil ;  c.  g.,  Tri|[luohili  tt 

fllh  Ty|in.  BiinJlra  Lnving  servrul  ili'itlnrt  titrr  elRinvliIa  t  t,  3;  Tomiia 
rum m II n in.  [Aiintoiiii'-  ilv  la  ti\!f  r)<s  MnntHotyli'ilonivi.  Ann.  ilm  Sc. 
rwl.,  s6r.  fl,  loinc  v..  I»7S.  p.  !■> 


rw-iii   I 

badclaclntli 


lUOlHUlllft.     ( 


i>r  I'rltDarjr  BMclvIn  InWrmlnclod  Willi  NOnUilu} 


136        MINUTE  STRUCTURE  OF  THE  STEM. 

tion  as  have  ])ecn  derived  from  the  leaves  at  that  point ;  and 
since  these  bundles  (h>  not  [K>ssess  a  cambium  hiyer,  they  have 
no  power  of  increasing  in  size.  The  onl}'  changes  therefore  to 
l>e  looked  for  in  tlie  stem  of  a  palm  from  year  to  3'ear  are  those 
in  the  ragged  exterior  from  wliidi  the  leaves  fall,  and  the  i>os- 
sible  increase  in  firmness  of  the  individual  elements  of  the  older 
bundles.  The  stems  of  most  palms  are  as  thick  when  they  In'gin 
to  asc(»nd  from  the  ground  as  they  will  afterwartls  l)e,  their  bun- 
dles early  becoming  i>ermanent  tissue  throughout. 

3^8.  The  presence  of  obscure  n<xles  in  the  stem  may  com- 
plicate* its  structure  sonn^what  by  the  introduction  of  horizontal 
interlacing  bundles  ;  but  there  is  in  these  cases,  as  in  the  former, 
no  provision  for  increase  in  thickness. 

381).  In  some  monocotvledonous  stems  new  bundles  can  arise 
in  a  merismatic  layer  just  within  the  cortex,  and  therefore  cause 
an  increase  in  the  diameter  of  the  stem. 

A  similar  mode  of  increase  in  thickness  is  met  with  in  the 
stems  of  many  dicotyledons ;  as  those  of  NycUiginacea*,  many 
Cheno|KKliacea?  an<l  Amarantacefe,  etc.  Secondary  bundles  are 
formed  in  a  merismatic  layer  outside  the  primaiy  bundles,  and 
in  contact  with  their  liber. 

3'JO.  The  fleeondary  strnetnre  of  normal  dicotyledonous  stems 
(see  3<>i) )  is  easilv  undei-sto<Hl  when  it  is  remembered  that  the 
cambium  of  their  primary  bundles  possesses  the  power  of  form- 
ing the  following  kinds  of  tissue :  <i,  new  wood  on  the  outside 
of  that  which  was  last  pi'cxluced  ;  ft,  a  layer  of  new  liber  ;  c,  fresh 
cambium  for  subsequent  activity;  and  </,  continuations  of  the 
medullary  rays. 

The  cambium  laver  in  the  stems  of  most  dicotvledons  is  com- 
posed  of  extHMuely  delicate,  thin-walled  cells,  which  are  filltKl 
with  protoplasm  and  building  n}aterials.  In  the  spring,  when 
the  bark  is  readily  stripped  from  the  wood,  this  layer  appears  as 
a  thin  lilin  of  mucilaginous  matter,  showing,  to  the  naked  eye,  no 
cellular  structure.  In  the  case  of  such  plants  as  the  maple, 
birch,  and  pine,  this  juicy  mass  possesses  a  very  sweet  taste, 
owing  to  the  large  amount  of  organizable  nutrient  matt^^r  which 
it  contains. 

391.  The  cambium  layer  exposed  by  removal  of  the  bark  soon 
dies,  and  (»f  course  all  further  increase  in  diameter  is  imi)ossible 
unless  the  wound  is  healed  in  some  wiiv  (see  121 ). 

l\\)'2.  The  growth  in  size  of  the  stems  of  normal  dicotyledons 
depends  therefore  n[)on  the  existence  and  activity  of  canilnum 
cells  between  the  wood  and  bark.     The  juxta[M)sition  of  the 
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primary  blintUes  liiiii^d  Uil  umln 

sonii'tiincs  brokcD,  but  fiequeiitl> 

Liuia  circli-  u>  Bul)slinliallv  uubrokeii. 
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of  the  priiimiy  bmi- 
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If  the  primary  bun- 
dles arc  nut  in  oon- 
tiiut,  Ihc  tiyw  wood 
added  year  by  jvar 
fiimply  increasta  tbe 
size  of  tlio  wedges  at 
their  outer  part. 

393.  New  biindks 
may  be  intercalated 
diretlly  between  those 
already  piesent,  and 
grow  in  much  the 
same  manner  bs  the 
primary  onea ;  or  they 

may  arise  at  now  iioinls  of  aelivir.v  and  jirodiiee  great  ehanges 
of  form.  In  the  same  way  tertiary  changes  and  tliose  of  a 
liighcr  order  may  follow  the  secondary  ones,  giving  rise  to  stems 
wliicU  La\'c  a  very  complicated  structure.     The  most  pnzzling 


ria.  lis.  Dtitcnm*  •ho'ring  tfa*  nsconiUry  Incrmuw  In  thlckmiM  at  ■  nonnftl  illontr. 
IclaiiiHis  ■tcoi :  H.rattex-.  /i.  idilMm  irlth  Uires  ruclrlanf  li«ri-bu>t  flbm;  i,  i;leni: 
It.  pUh.  .f  ahavB-inlr  ]i''t"i'"'T  ■tructarsi  /I  aihlhln  nirmstlun  lit  Um  ring  nt  c«tn- 
blDm;/'.ntHfi'al(r  mnililiiin;  lr>,  inUr-ruHvurnr  MmMiimi  A,  A. A,  fuiolala  »f  hitnt 
Umi  r,ii(  thefnIiiriheriwr.itnarllH'RiRnnilininrihnaiininiUrr  Bhm-THKinUrrlnei 
p,n\ier;/k.  lecandary  wml  »r  thii  biiii>n>:  if)i,  liilor-fltHlrnliir  lllwri  i/h,  litrcr-Ow- 
dmlar  Hmnitarir  wnod  {  tha  entln  rlBg  la  lalMllTld*!  bf  mixlulliu]'  ny*  of  dUMnnt 
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cases  can  gpiioi-ally  1m;  rffitred  to  enxntiit  srowlU  of  some  one 
or  luort-  parln,  as  in  ftaltuiioil  sUms  or  t-Xplaiiieil  l>(  the  iiitro 
duclion  and  ruoie  vigoniuH  growth  of  siiperuumcrao  bundles 

3'Jl.  Exlruorilinarj'  aiiomalitiB  aie  affordtd  h-\  the  hanta  of 
iro|.ifat  coiintrioB.  woody  diuibers  wiUi  diatortod  sUms  Ihty 
lM.'loiig  chiefly  to  a  few  oitlers  uiiiinl\  Bignoniacta'  Mai 
i>ighiiu!ea!,  MuuisjKTmawa..  and  Anstolochmtere  A  few  inter 
i'»ling  cuauB  are  hUowh  iu  the  accoiii|ian\ iiig  figures  and  an 
»ulllcieiuiy  i^splaiued  in  tho  dL'scnptiM  kitii  |  ria« 


3!I5.  Spring  wood  and  antamn  wood  Tbi  set-cm  din  wood  an 
niinlly  pi-oduced  in  a  tt'niperat).'  clniiaU.  like  ours  exhibits  t-ertain 
differences  between  the  inner  and  thi  oiitti  jxirtiou  of  the  j  ear's 
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ANNllAI,   KINGS.  13!) 

ring.  That  which  is  prxxiuued  earliest  (spring  wockI)  has  some- 
whnt  liu^T  ducts  and  wood-i^lls  Ihnii  that  wliii^h  is  tbrtncd  lutcr 
(autumn  wood).  The  ditrerfiR'C  is  uot  very  stribiiig  whuii  tlio 
wocmI  of  a  single  year  is  usamincd,  for  the  diminution  iu  size 
is  gradual  from  within  outwiiitls  ;  but  if  the  autumn  wood  of  one 
year  Is  compared  with  the  spring  woocl  in  the  ui-xt  ring,  the  dif- 
ference is  very  mnrked.  The  cause  of  the  difference  in  character 
(jctween  the  early  mid  latiT  wood  formed  during  n  single  aoason 
is  sHp)>osed  to  he  the  greater  pressure  exerted  by  thp  tense  hark 
in  autumn.  The  experimental  evidenee  in  favor  of  this  view 
will  be  presented  in  the  chapter  on  '•  Growth." 

306.  In  climates  where  there  is  no  marked  arrest  of  vegetativu 
activity  during  the  whole  year,  for  inBlance,  iu  Ih.il  of  the  equa- 
torial zoDe,  the  secondary  wood  seldom  presents  aiiy  clearly 
deHned  annual  ringa.  In  the  wood  of  warm,  U-miierate  zones, 
however,  well-marked  annual  rings  are  not  uncommon. 

397.  It  has  long  been  known  tiiat  in  temperate  climates  a  tree 
may  exceptionally  form  a  double  ring  in  a  single  year.  The 
cause  of  this  in  cases  which  have  been  carefully  csamined  aj>- 
penrstobe:  (I)  a  partial  cessation  of  activity  owing  to  injnrj-, 
followe<)  by  (2)  a  renewal  of  activity  in  the  same  season.  Thus 
an  elm  may  be  stripped  of  its  leaves  in  early  summer  and  suffer 
a  temporary  check ;  but  the  bads  already  formed  for  another 
rear  develop  into  f\ill  leaf  iu  a  short  time,  the  assimilative  activ- 
ity ia  resumed,  and  two  rings  are  formed  as  a  result  of  this  ces- 
sation and  renewal.  Kny '  has  found  this  to  be  the  case  with 
several  trees  which  ha<l  been  deprived  of  their  folii^e  at  the  end 
of  June.  Wilhelm  has  found  by  ex|>eriment  that  a  tolerably 
well-deKned  double  ring  was  Ibrmed  in  Quercus  scssiliflora,  fVom 
which  he  removed  all  the  loaves  on  the  7th  of  June ;  while  in  a 
second  case,  where  the  foliage  van  romovoil  later  (July  10th), 
the  duplication  of  the  ring  wns  not  apparent. 

Si)S.  From  this  statement  it  would  appear  that  even  in  tem- 
perate climates,  wliei-e  there  is  a  prolongeil  ]»eriod  of  complete 
inactivity  due  to  the  cold,  the  number  of  rings  shown  in  the 
d'OBS-sectioti  of  a  stem  may  not  exactly  coincide  with  the  num- 
ber of  years  through  which  the  tree  has  lived.  But,  as  matter 
of  fact,  the  lines  of  limitation  in  the  intercalated  rings  are  so 
much  less  distinct  than  those  on  cither  side,  that  the  two  lesser 
rings  woiilil  Iw  counted  as  one.  and  therefore  be  civdited  lo  the 
gruwtli  of  one  year  instead  of  two. 

>  Vcrhnudl.  a.  I 
'  CMI.I :  Hoi.»l> 
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The  largest  num?»er  of  rings  vet  reportei  in  any  ca^e  ap|>ears 
to  he  that  given  for  the  ^reat  trees  of  California  ;  namely, 
••iJ.l'^X  with  a  i»n>l»abililv  that  others  c^onsi^Jerablv  exceed  this."  * 
Other  hiiTher  numbers  of  rings  or  ea>timates  of  age  are,  however, 
givt-n  in  some  works.* 

o*Ji>.  Thai  it  is  unsafe  to  base  any  cal«*ulation  of  the-  agtf  of  a 
tree  upon  its  diameter  follows  from  the  fact  that  its  growth  dur- 
insr  oue  year  ditfer*  from  tliat  ilurini;  another  .  see  4<>»  i.  Even  the 
use  of  IX*  Candolle's  mollification  of  Otto's  rule,*  which  is  per- 
haj>s  the  lH?st  yet  given.  lea«ls  to  erronei>us  results.  The  method 
assumes  that  the  number  of  rings  averages  nearly  the  same  to 
any  given  unit  of  thickness  in  the  outer  as  in  the  inner  part  of 
the  stem.  Ilavinix  determine<l  the  number  of  rin<rs  in  an  inch 
just  uuiler  the  liark.  this  numlier  is  multipiieil  by  the  nulius  in 
onlor  to  obtain  the  whole.  For  example  :  Extract  from  opposite 
Hides  of  a  tree  two  pieces  having  a  depth  of  two  inches  each. 
Sup|xx*4e  the  number  of  rings  in  the  two-inch  piece  on  one  side 
to  bi*  -0,  wliile  in  the  other  there  are  32,  the  average  per  inch 
will  Ik*  13.  Deduct  twice  the  thickness  of  the  liark  from  the 
whole  diameter  of  the  tree,  to  obtain  the  diameter  of  the  wood 
in  inches,  and  multiply  oue  lialf  of  the  diameter  by  13. 

4(K),  The  woody  rings  annually  form^.^!  in  a  stem  differ  con- 
Ntdorably  in  size ;  a  narrow  ring  being  the  growth  of  a  cold 


*  S.  Watson,  in  AiMeoduiii  to  Botanv  of  California. 

^  Tin*  fi»llowing  estimates  cited  by  IK*  Candolle  (Thysiologie  Vegetale, 
ji.  l(»o7)  art"  l)eliev(Mi  to  range  altogether  too  high:  — 

Tho  Linih'n  of  Neustadt,  in  Wiirtenilxrg,  1147  years. 

'VUv  Oiik  of  Ilonlzii  (on  thi?  Ilaltir),  710  distinct  rings  counted  and  300  in- 
dUtiiiit  rings  estimutcMl  =  1010  years.  (By  Otto's  nile  this  would  be  1080 
yoHi^. ) 

Tin-  V«'\v  nl  (Vow- Hurst  (Sumy),  measurwl  by  Evelvn  in  1660,  1458  years. 

Tin-  V«'w  of  Bnihurn  (Kent),  measure<i  by  Evelyn  in  1660,  and  said  by  him 
III  Ih*  sn/H ramuKifoff  'iSSO  years. 

TIm'  «"*tiinat«'  givi'u  by  \h'  Candolle,  of  the  ag»'  of  trends  of  Adansonia  (Bao 
IhiIi)  ;    nunu'ly.  «5,(>00   years,  ha**  U»<»n   shown  by  Dr.  (Jray  (North  Amt'rican 
Iti'Vli'U,   |H||)  tu  N'  wholly  rri-oncoUH. 

■  (Mio'.'i  Mil««  i>4  thus  given  hy  l)e  t'andolle  :  Ascertain  the  diameter  at  the 
hulMhl  of  iil>oiit  livo  feet,  and  make  a  not«h  at  the  sj»me  jxnnt  on  the  circular 
huiIm''.  i«»  <ount  a  eertain  nuinlxT  of  annual  layei*s  whieh  we  measure.  We 
Hti.h  IhpI  I  III'  iiniHDil  giowilj  of  those  tives  which  have  lelt  iitf  growing  in  height 

by  till  iMnniilu     '  '  '   ^,'  ^    ,  and  of  thase  whieh  eontinue  to  grow  in  height  hy 

till  (miimoIi    '      '   '  ,  '"'  ''*•  ;  /MHin«Mln' diameter  of  tree  ;  J',  vcdunie  of  same  ; 

||,  Ihl' I'/H  '^  "I   MMiiiil  l.iNiTs  wlii.-h  liave  Ixrn  counted  ;  «,  the  numlnT  of  these 
)iV«'lH  ( I'll y.iii<lu|.Mi    \  igi'tale,  p.  U6l  . 
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9Q»soa,  a  tiroad  riog  or  a  wnnuur  one.  Tlii'ir  wiiltL  varies  also 
in  tile  same  s|>c(.-ics  in  rlitromit  ItxMilitics :  lliua.  in  Finns  sylvea- 
tris,  grown  betffovn  itO"  iiud  GO"  iiortli  latitude,  in  Euioih;  (the 
s[iac«  oct'ii|)ic<]  by  lUe  Britlsli  Isles),  ttic  aimutti  layers  ai-c  very 
sclHoin  less  thau  ,^  ol'  a  millimeter  in  lliickness;  wliilo  in  the 
same  tree,  gron-n  far  north,  the  ttiickncsa  is  not  ■^  of  &  milli- 
niKtttT.*  Tile  widtb  varies  atao  in  different  parts  of  the  same 
ring.  For  instance,  in  die  ease  of  Pinus  sylvestris,  Bravais  ami 
Mnrtins  found  tiie  two  opposite  radii  in  a  8t«m  to  have  tbe  ratio 
of  il  to  19,  Uie  side  having  the  greatest  thickness  l>eing  that 
which  bad  its  foliage  l)est  exposed  U>  air  and  light.  The  eccen- 
tric growth  of  the  wood  of  branches  baa  been  often  noted ;  the 
longer  radii  are  tliusu  on  the  lowei-  side. 

401,  Sap-wood  (Alburnum).  The  new  and  soft  wooil  con- 
tains a  larger  proportion  of  soluble  oi^aiiic  matters,  of  nitro- 
genous Bultstanot'S,  and.  wlien  fresh,  of  wat^ir,  than  the  older, 
harder  wood  lying  just  within.  Tiie  "  sap  "  of  the  tree  is  found 
in  largest  amount  in  the  newer  wood-  The  name  nlbitrnum  was 
givitD  to  the  sap-wood  by  the  earlj-  histologists  on  account  of  its 
while  or  pale  color,  ("oiitntsteil  with  it,  but  not  always  very 
sharply,  is  the  harder  stflistance,  Hfart-wood,  or  Duramen."  Tbe 
lallcr  was  given  Its  name  lie&ausc  of  its  greater  hardness,  or 
durability.  Generally  there  is  some  distinction  in  color  lietweeu 
the  sap-woo«l  and  licart-wood,  owing  to  the  presence  of  peculiar 
coloring- matters  Icidged  in  the  texture  of  the  latter.* 

402.  Color  of  wood.  The  deep  colors  which  characterise  many 
kinds  of  wood  are  contained  chiefly  in  the  walls  of  the  cells  and 
ducts.  Id  Ila-maliisylou  Campcehianutn  Uic  coloring- m.ttter 
sometimes  occurs  also  in  crystals  inside  the  cells  themselves  or 
in  elen«  of  the  wood.  Tbe  wood  of  I'toi'ocarpus  santalinus  (Red 
Sanders-wood)  i-onsisla  of  litirirunn  cells  intermingled  with  small 
groups  of  very  large  ducts,  both  of  which  contain  the  ruby  color- 
iiig-matlers  in  large  amount.  Many  Berl>eridace(e.  Cladrastis 
tinctorin.  Cercis.  etc.,  have  yellow  coloring-Tnattei's  in  the  wooi.1 ; 
in  Guaiacum  the  color  is  greenish ;  in  blnek  wahnU.  brown ;  in 
ebony,  nearly  black. 


>  Bmvoia  and  Martius ;  Ann.  ilci  Sc.  nut.,  nit,  S  tamo  lix.,  164S,  p.  1!U. 

•  Till'  wonl  tfiiranuTi  is  hdhI  liy  sniiii<  Vfritucs  In  <lunulc  luemlv  th«l  LbuI- 
wooil  which  hai  hfcomp  vrry  dotis?  1>y  inwulinr  infiltmtinn*  (Saimvnidiirfvr,  in 
8iUili]ir.1x>r.  <1.  k.  Akiul.  Wiiw..  ](<S2), 

'  Thf  InltowJng  ligMivii,  giving  tlip  iirojiurtion  of  wi|>-w(>i>l  to  tbi'  I'litirw  toI- 
niMal  iIm  Inink,  are  rmni  Tnxljwld  (riiiicipin  uH'ariwnlrT,  Srctiun  X.,  citnl 
by  Rankioc) :  Chutnut,  O.t ;  (Mk,  (I.i9i  ;  Hcctcli  Kir.  0.418. 
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403.  It  may  be  here  nK'titioiii-H  that  mauy  woods  liavd  chiu-ac- 
teristic  odurs ;  for  instance,  snntlal-vrood,  viwlut-wood,  and  riiaiiy 
of  the  (ionifcrons  woods. 

404.  Tho  preBcnuG  of  resinoua  matters  in  wotmI,  particularly 
when  tlieso  are  evenly  although  sparingly  distributed  throngh  the 
mass,  exerts  a  marked  clfoct  in  retardint^  decay.  The  durability 
of  tho  wooii  of  Soullicrn  Cypress,  even  when  exposed  to  the  joint 
action  of  thu  warmth  and  moisture  of  a  greenhouse,  is  usually 
attributed  to  their  pi'esence.  But  Ibcre  are  some  cases  of  great 
resistance  to  the  influences  prmluting  decay,  which  cannot  tie 
referred  to  the  same  mode  of  protection ;  for  instance,  those  of 
Robinia  i'aeudacacia  (or  common  "  Locust")  and  Catalpa. 

405.  Various  processes  have  been  tried  for  destroying  the 
putrescible  matters  in. cells,  or  so  niodil^ing  the  character  of 
the  cell-wall  that  the  wood  can  bo  protected  against  decay. 

40G.  The  oldest  known  method  of  preserving  wood  is  car- 
bonizing, or  charring,  by  which  those  constituents  of  the  wood 
specially  liable  lo  decay  are  so  changed  as  to  l>c  no  longer  liable 
to  putrefin'tion.  The  wood-preserving  processes  known  as  Bnr- 
nettizing  and  Kyanizing  have  for  their  object  the  coagulation  of 
protein  matters  in  woutl-ceils,  thus  retai'ding  if  not  preventing 
pntre  diction. 

407.  In  Kyanizing.  a  solution  of  mercuric  chloride  is  forced 
into  the  texture  of  ttic  wood ;  but  the  cost  of  this  substance 
is  so  great,  that  it  iias  led  to  a  general  abandonment  of  tho 
process. 

408.  In  Bumettising.  the  wood  is  impregnated  with  a  ttolution 
of  7.iiic  cbloride  containing  about  lifty-five  per  cent  of  liic  dry 
chloride.    This  is  forced  int<i  the  wooii  under  pressure. 

4011.  Another  process  —  creosoling  —  dej)ends  upon  the  intro- 
duction into  the  wood  of  a  solution  of  impure  creosote,  a  pressure 
of  about  one  hundred  and  filly  pounds  to  tbe  square  inch  being 
maintained  until  the  wood  has  absorbed  a  snfticieut  amount  of 
the  antiseptic  liqiud.  Some  of  tho  antiseptic  matters  obtained 
by  a  rough  distillation  of  coal-tar  are  also  used  for  preserving 
wood. 

It  is  an  interesting  fact  that  even  wood  which  in  the  air 
Is  8r»ecJally  liable  to  decay  can  iKt  preserved  Ibr  a  loitg  time  if 
deeply  suhmci^cil  in  water. 

410.  There  is  an  appreciable  dilTorence,  csjwcially  in  length, 
between  tlic  wuotl-cells  of  tb<i  earlifi'  annual  rings  and  tliosc 
which  succeed  them ;  and  Sunio  has  sluiwn  that  an  increase  of 
length  of  llic  cells  occurs  up  to  a  certaui  period  of  growth,  when 
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TFSTCBge  nppciirs  to 

hv  08talili9hc( 

liv  iIk-  following 

table 

t'iuU9  8jlve»lris. 

MiDitwiufll.ii*»n 
rliie- 

uiU 

Mollnm  IfflBlb  n( 

1-                                        0  ;j     ■■ 

13     -     . 

.     3,13     ■■ 

.     3.UU     " 

S7     .     . 

.     3,87     " 

38    .     . 

.    s,i>i    ■■ 

3D     .      . 

.      4.(10     ■■ 

40    .     . 

.      4.0*     *■ 

43    .    . 

.      4.00     " 

«    .     . 

.      4.21     ■' 

72    .     . 

.     4.21    ■' 

From  thie  table  il  ia  seen  lliat  the  increase  c.iii  Ll'  ti'tiuoij  ii[>  to 
tUe  forty-fiith  yenr,  hut  t.lmt  fVoin  tliat  tiiuu  ou,  tlio  trachcids  in 
one  ring  liavu  tin-  same  kngtii  as  those  in  tlio  next.  Tliose  in 
the  forty-firth  annual  ring  have  an  average  length  of  alwut  Hve 
times  that  of  ihoso  in  the  first.  In  the  wood  at  oalc,  the  libri- 
fortu  cells  exhihitc^tl  the  gieatcst  <lilferen<.-e  in  length.  Thus 
Sanio  found  that  in  a  stem  of  Quercua  pcdiinculata,  with  130 
ringa,  tJie  medinm  length  of  these  elements  in  the  ring  of  the 
first  year  vas  .42  mm.,  and  in  the  three  outer  rings  1.22  mm. 
Trneheids  in  the  same  rings  measured,  however,  only  .3d  mm. 
And  .72  mm.  respeetively.  With  this  increment  iu  the  length  of 
wood  elements  in  successive  rings.  Ilalx'vlnndt  associates  n  fact 
noticed  by  Alexander  Bnimi :°  namely,  Itiat  the  wo<kI  elements 
in  some  stems  and  branches  stand  not  parallel  with  the  axis,  but 


'  UobfT  Jie  Gn»w  dar  HulKtoUcn  Lei  dtr  guneincn  Kief«r,  Priugi-.  Julirli,, 
viii.  409. 

*  Vehrr  dni  mhipfcii   Verlmif  dor  HuUKsor,  und  Me  dndurch   Iffdiiigt* 
Drchung  (lar  DiumR,  Itidin,  13S4. 

It  is  pripet  lo  rrlvr  ut  tliii  point  to  nn  instniptiva  jupoT  by  Abroroi^it 
npon  iho  hi»to!ti){)'  of  ihe  nalts,  in  wliicli  tlit  nmst  mnrkml  clinmpti'rs  of  llip 
NorUi  Auieriiiui  *)w.'i<n>>re  fully  tnatwl  (Priiigshcim'a  .Inhrh.,  1884,  p.  208). 
Aai«rding  to  AbrouiPit,  the  oatu  ran  lx>  pliuidy  ctAagiitvd  w  roUuwH:  — 
t.   WiUi  widf  wll.iiinrkLiI  m(«lu1Iary  rayi, 
A.    The  aiinaa]  rings  dtslinrlly  di-fiiimt  hy  tlip  von ri-ii trie  nln-lm  of  (he 
Ur^r  diii't*  i>f  llii>  ii)<riiii;  wochI.  nnd  uvn  by  the  niik>Hl  ry».    Tbe 
nnaller  iluctB  are  Brrani;ed  in  mdUl  rown  in  tho  tiiluron  wood, 
n.     With  lIliTi-Vkllcd  duclH. 

o.  Tlw  rn'liid  rows  nf  smull  ducts  tonoh  eooh  othpr  tntiKmtiiilly ; 
Qaercua  lymlii,  alba,  Duntndii,  HtrlUto,  miurocarpo,  WisUienl 
Prinus,  (.'larrynnii,  liicolor  (inr.  Mieliaunii). 
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somewhat  ol)li(|iie  IIktcIo.  The  degree  of  ol)li(iiiity  is  generully 
from  4'^  to  5^,  hut  it  is  sometimes  mueh  higher  than  this;  for 
instance,  10°  to  20"^  in  liorse-chestnut,  30"^  in  Svrinjja  vuiiraris 
(Lilac),  40°  in  Sorhus  aucuparia,  and  45°  in  Punica  Granatum. 
411.  Density  of  wood.  Owing  to  its  greatiM-  firmness  and 
smaller  amount  of  putresciblc  substances,  heart-wood  is  eeonomi 
cally  of  far  greater  value  than  sap-wood ;  and  hence  nearly  all 
determinations  of  density,   strength,  etc.,  are  made   upon   it, 


/3.  The  radial  rows  of  the  smaller  ducts  aix»  relatively  narrow  and 
for  the  most  ])art  isolau'd  tangentially  :  Quercus  hicolor,  ses- 
siliflora,  llKM-ica,  grosseserratji,  castanei  folia,  pt^dunculata, 
Thomasii,  undulata  (var.  giisea),  Mongolica,  macrantliera, 
heterophylla. 
y.  The  radial  rows  of  the  smaller  ducts  are  very  narrow,  and  the 
ductJ*  differ  somewhat  in  width.  The  large  ducts  are  in  groujxs 
in  the  concentric  circles  :  Quercus  lobata. 
b.    With  thick-walleil  ducts. 

a.    The  large  ducts  in  the  concentiic  circles  an*  indistinctly  grouped, 
while   the  small   ducts  are   crowded  in   narrow  radial  rows  : 
Quercus  rubra  and  the  var.  ?  Texaua.     Quercus  tinctoria. 
/3.     Large  ducts,  as  in  the  previous  grouj).     The  radial  lines  of  the 
smaller  ducts  wide,  and  the  ducts  themselves  visible  to  the 
naked  eye  :  Quercus  imbricaria,  hy]K)leuca,  lauiifolia,  Kelloggii, 
IMilustris,  falcata,  Cateal)€ei,  aquatica,  nigra. 
7.    With  distiui't  nulial  gro»ij>ing  in  the  circles  of  the  larger  ducts  of 
the  spring  wood.     The  radial  rows  of  smaller  ducts  nanow  and 
straight.     The  small  ducts  visible  to  the  naked  eye  :  Quercus 
Ccrris,  serrata,   Phellos,  coccinea. 
B.     Having  thick- walled  ducts  of  one  kind,  and  these  arranged  in  radial 
rows  or  groups.    The  annual  rings  are  not  distinct  to  the  naked  eye, 
an«l  ar(!  defined  chietly  by  the  thick-walh^  wood-cells  of  tlie  outer 
layrs  of  the  autumn  wood.     They  are  easily  made  out  under  the 
microscope. 
a.    The  radial  rows  of  ducts  are  for  the  most  ])art  wide  :   Quercus 
vin^ns,  oblongifolia,  chrysolejiis,  rngosa,   Ilex,  cot;cifera,  Calli- 
prinos,    lanuginosa,  paucilamraellosa,   glabra,   Burgeii,  gilva, 
thalassica. 
/3.    Radial  rows  of  ducts  mostly  narrow  :  Quercus  Suber.  agrifolia, 
glauca. 
II.    Tlie  wide  m«'dullary  rays  apiM*ar  under  the  microscope  to  be  somewhat 
interrupted  by  wood-cells,  so  as  to  appear  like  groups  of  narrower 
rays  :  Quercus  dilatata. 
The  ])rincij>al  kinds  of  wood-cells  in  oaks,  acconling  to  the  nomenclature  of 
Abromeit,  ai-e:  first,  the  *'  pointed,"  of  whi(!h  there  are  two  varieties,  the  septat*- 
and  the  unseptnte  ;  and,  second,  the  *'  l>lunt,"  which  arc  of  comj)aratively  wide 
caliber,  and  have  thiti  walls.     The  Icnp^'th  of  the  j^ointed  cells  in  an  average  of 
171  measurements*  wjis  found  to  be  1.224  mm.  ;  that  of  the  blunt  cells  only 
.1  mm.     Besides  these  two  chief  kinds,  there  are  transitional  forms  of  every 
sort. 
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*  |>rohatit_v  the 


Ao-called  "'  cork-wood"  of  the  West  IikIk-h  (OcIii'oiiih  Lugi 
witb  n  s|iocnfic  gravity  nf  ,2.i ;  the  hfaviest  is  Condatia  fi-rrea, 
spt^L-iRt:  gravilj-  i.b02,'  Tbu  s|)ecidu  gravilj-  of  jiure  cellulose  is 
givoii  It)' Hiitliors  variously  aa  1.2.i  to  1.S2;'  ttenL-u  the  figures 
noU'd  Hlwve  Tor  the  extremes  of  wood-density  show  indirectly  tbc 
legree  of  buoyancy  inipurtcd  hy  the  airentnnglcd  in  the  tissues.' 
<12.  Wood-fibre  useil  for  pa|(ur-piilp.  The  longer  wood-cells 
of  many  uommoii  ligneous  [)laiits  can  be  profitably  separated 

■  Trntli  CimsiM  of  the  Uniteil  Statps,  vol.  in.,  p.  £72. 

*  Kliernisfrr  :  Cheniin  der  Pflanzeu,  1882,  p.  144.  Huitenukiin  nnd  Kilger; 
Diu  rOuiuciutoa'c.  1SS2,  p.  IDS. 

"  Tbt>  riillonitig  il'-tTDiiiiiitions  wi^ro  ninile  unilrr  the  direction  of  PiurBasoi 
C.  8,  Sargrnl,  for  tlia  Tenth  IJnitcd  Suiw  Cenaiia 
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The  sprpiiiipns  iisril  in  thi-  nhnrc  liptenninalions  Iiy  Hr.  S.  P.  aiiarplea  were 
dried  Ht  u  traipernluri-  nf  lOO'  C.  until  thoy  r-mmA  to  l<iiw  weight,  B-lieii  ths 
jpMifii;  Knivitira  wore  obtainpd  hy  iiieMunniioiit  witli  niicrottwter  cuiivcra  and 
Cklculati"a  fruta  Ui«  wuigbts  of  ths  spednMHix. 

For  ihe  parpotu  of  iitiliiinn  histo1ogiL-it1  fnatnTm  in  tlip  iilrutiflriitinn  of 
woods,  claaiitictitury  talilun  Iuivf  bcvu  [irupuml  tiy  nuny  utitlior^  Otic  of  the 
moKt  awliil  of  tbrH  b  givni  in  Sohiicht'i  work,  Dir  Plluuntnju'lli',  iii  which 
th*  dijr«reiit  wooil.ralU  nf  Coolffim  are  ilusorilwil,  in  oiilvr  to  aid  iu  the  twog- 
niticin  of  lUc  gDiicrn.  Anothrr  is  >\t  Bnry's  (VergUiuhcndc  Aiulomii'.  p.  SOS, 
10 
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from  each  otber  bv  mechanical  or  chemical  means  for  use  in  the 
manufacture  of  paper-pulp.     The  woods  wiiich  appear  to  have 

translutetl  in  Sachs's  Text-book,  2tl  Kiig.  ed.,  p.  651),  in  which  the  structural 
characters  of  many  kiiicU  of  wood  are  given.  The  table  will  be  found  con- 
veriient  for  reference. 

1.  Wood  consisting  only  of  tracheids  with  bonlered  pits  :  — 

Wintercje  ( Drimys  Winteii,  Tasmannia  aromatica  ;  also  Trochodendron 
amlioide.s)  :  (Conifers). 

2.  Wood  consisting  of  vessels,  tracheids,  parenchyma,  and  intermediate  cells  ; 

that  is,  substitute  or  replacing  cells  or  fibres  (ei'satzfasern) :  — 

a.  With  no  intermediate  cells  ;  Ilex  atiuifolium,  Staphylea  pinnata,  Rosa 

canina,  CraUegus  inonogyna,   Pyrus  communis,  Spinea  opuhfolia. 
Camellia,  etc 

b.  With  no  ]»arenchyma  ;  Porlieria. 

c.  With  both  iMirenchyina  and  intennediate  cells ;  Jasminum  revolutum, 

Kerria,   Potentilla   fruticosa,  Casuarina   equisetifolia  and  torulosa, 
Aristolochia  Sipho,  etc. 

3.  Wood  consisting  of  vessels,  tracheids,  fibres,  parenchyma,  and  intennediate 

cells :  — 

a.  With  no  intennediate  colls  ;  fibres  unseptate  ;  e.  g.,  Sambucus  nigra 

and  racetno.sa,  Acer  platanoides,  Pseudoplatanus,  and  campestris. 

b.  With  both  parenchyma  and  intennediate  oills  ;  fibres  unseptate  ;  Ber- 

beiis  vulgaris,  Mahonia  ;  (Kphedra). 

c.  With  no  intermediate  cells;    fibres  septate  and   unseptate;   Punica, 

Euonynius  latifolius  and  Euroi»aBUs,  Celastnis  s<\indens,  V^itis  vini- 
fera.  Fuchsia  globosa,  Centradenia  grandifolia,  Hedera  Helix,  etc. 

d.  With  all  four  kinds  of  cells  ;  Miihlonl>eekia  complexa,  Ficus. 

4.  Wood  consisting  of  vessels,  tracheids,  fibres,  parenchyma,  and  intermediate 

cells.    This  is  the  most  common,  and  may  be  taken  as  the  typical  structure: 

a.  With  no  intennediate  cells  ;  Sparmannia  Africana,  Calycanthus,  Rham- 

nus   catharticus,   Ribes  rubrum,   Quercus,  Castanea,  Carpinus  sp., 
Amygduleai,  Melaleuca,  Callistemon  sp.,  etc. 

b.  With  no  ]»arenchynui  ;  Caragana  arboresccns. 

c.  With  iKJtli  kinds  of  cells;  most  foliagi^-trees  and  shrubs;  e,  g.y  Salix, 

Populus  sp.,  Liriodendron,  Magnolia  acuminata,  Alnus  glutinosa, 
Betula  all  Ml,  Juglans  regia,  Nerium,  Tilia,  Hakea  suaveolens,  Ailan- 
thus,  Uobinia,  Gleditscliia  sp.,  Ulex  Euro(>teus,  etc. 
6.  Wood  consisting  of  vessels,  fibres,  iiarenchyma,  and  intermediate  cells :  — 

a.  With  no  parenchyma  ;  Viscum  album. 

b.  With  no  intermediate  cells  ;  Aviconnia. 

c.  With  lK)th  kinds  of  cells  ;  Fraxinus  excelsior,  Ornus,  Citrus  medica, 

Platanus,  etc. 

6.  WtKKi  (consisting  of  vessels,  fibres,  and  ]>arenchynia  :  — 

Cheiranthns  Cheiri,  Begonia.     Also  many  Crassulaccae  and  Caryophyl- 
laceje. 

7.  Woo<l  consisting  of  vessels,  fibres,  imn>nehyma,  and  true  woody-fibres  :  — 

Colens  Macniei,  Kugenia  australis.  Hydrangea  horteusis. 

8.  Wood  consisting  of  vessels,   tracheids,  woody  fibres,  septate  fibres,  paren- 

chyma, and  intermediute  cells  :  — 
Ceratonia  siliijua,  liignonia  capreolata  ;  it  is,  however,  still  doubtful  if 
true  woody- fibres  are  present. 
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Ihiii  mtnt  o\h'ii»ivch-  eiii(iluycil  up  lu  tlic-  preHOiit  tiiiiit  are  Huiiit; 
of  llic  siicvius  of  Allies.  Betitla.  Populua,  Tilia,  and  Liriudeudruii 
Tuli|^li-ra  (in  tliu  L'nitci)  Slutea  somelinH's  ciiUwl  "  Poplar"). 
IV  fhi-uiioJ  prwesses  dcjwnd  (1)  upon  tile  solvent  jjower  of 
cMiAtic  mmIii  uuder  pressure,  and  witU  heat,  upon  iLe  eo-c^iiled 
iiiurceUuIxr  substance  wlik-b  unites  the  cells,  or  (2)  upon  the 
similar  [xiner  of  a  sulpLik-,  preferably  maguesiu,  aUo  under 
prrst^nn^  mid  with  lieat. 

t\3.  Bark.  A,  S«conilarr  Uber.  Kaeh  yearly  addition  to  the 
inner  siirEHt.-c  of  tlic  Iiark  is  seldom  plainly  distinguiahaljle  from 
tlios)'  whieh  have  preewled  it.  and  hence  we  canuot  determiDe 
positively  the  age  of  an  old  tree  by  the  lajei'a  of  its  inner  liark. 
The  baot^tH'na  of  a  single  year  often  cling  together  iii  a.  strik- 
ing mannvr,  forming  bands  or  strips  of  eonsideralile  strength, 
and  in  a  few  eases,  notably  that  of  Daphne  Lt^etta,  there  are 
fine  meshes  lietweeu  the  fibres,  so  that  the  inner  liark  seems  to 
lie  »jm|>(isei]  of  layers  of  delicuite  luue. 

A  pieec  of  thick  hark  of  linden  mnuerateil  for  a  while  in  water 
Ijeeomes  so  softened  that  tlie  younger  portion  of  the  inner  bark 
eon  lie  cosily  separated  into  liie  annual  layers.  Slri|)S  of  the 
eoberent  fibres  form  the  Unssia  matting  of  commeri-e.  The 
strijis  often  measure  '2-3  meters  in  length,  2-5  em.  in  width, 
ami  .'>!  -  .on  mm.  in  Ihieknesa.  Scattered  among  the  individual 
Imrd-baat  Cltit-s  there  are  many  parenchyma  cells,  some  of  which 
pbinly  belong  to  the  mo<liillnry  ra,vs,  and  others  to  the  fibro- 
vascular  bundles. 

114.  The  hast-fihres.  in  a  few  instances,  instead  of  Iwing  re- 
luine<l  tipou  the  stem  for  an  indelinite  period,  are  sepamt^^l  earlv, 
leaving  the  newer  bast  e:K[>osed.  This  is  the  ease  with  some  of 
iiur  s|>eeies  of  V'itis.  in  which  the  bast  becomes  detaeht^d  in  the 
fonii  of  long,  loose  shreds  after  the  first  year. 

-415.  The  cr\-stal9  found  in  hast  .nre  very  ahnndnnt.  They 
are  chiefly  monoelinie,  and  ocenr  both  singl.v  —  arranged  in 
rows  —  and  in  clusters.' 

■tlG.    The  appearance  and  distribntinn  of  the  fibres  of  hast 

'  De  Biuy  giv.'s  lilt  roUowinK  list,  taken  chiefly  from  Snnio  :  — 

Cliutrra  of  crystali  in  bant  of  JugUna  rcgia.  Rhus  tyjihina.  Viburnum  Ojjy- 
rucen-i,  Y.  Luitana,  Pniniis  Pailui,  PimiL-a  Graaatniii,  Pwlea  IriruluU,  Kilm 
nignioi,  Liinimra  Taturlia. 

Single  QianadJiiic  iTyiWli)  ill  hut  iif  apeoiea  nf  Acer,  niiJ  Iho  Poni«(«B. 
Hohiaiit,  I'lailniHtiii,  U1m»»  •'Jiiupestrii.  Berbcris.  etc 

Single  (iKinadinio  rryaluU  imil  ctiitliri  in  Inist  of  Quercua,  Cvltis,  faculiu 
UiiipovHliiniiiti,  Hmnainclia  Virginlw,  Murna,  Salix,  Fiigus,  PaputOL  Csr- 
IliBBi,  BetnU,  Tilia,  vU. 


^ 
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I  loB^  atlmk  ami  Itaejr  aaf  to 

417.  ■,  Chrt.  «W(*  to>  ilra^j  ton  drMxitod  in  pwC  b 
CtopM'  IJ  .  pl>5«  *  nsjr  wynrfK  part  is  tto  •CiucUne  of  oUar 
toffc.  lu  refalkm*  to  Ito  tclb  wbicb  [radsw  it.  and  to  tto 
m  «Uefc  il  dtaplan*  aS  ■■  cxriT  period  of  its  gnmth.  wiH 
I  of  Fip.  III.  Id  its  pradnclioa 
ttora  are  pKfioiBc  amaU  of  adnin' jost  as  in  tto  tmttat  wood. 
'  '  e  nf  fim  tpxtme  it  b  |>umble  to  dctort 
Wlic«  tto  cotfe  of  tto  cofk- 
e  IhktaMa  (aaaallj'  in  tea  to  UWa 
jtan).  it  »  TMPOTwl  down  to  tte  ptolkgn,  «r  eoft  cambtua. 
and  Amb  tfak  tiaaae  arw  gnnrtto  togin.* 


I 


ttort.  tMi  BOS  iwt  ckMr  tk>  • 

ctowttw  nil— ■■  toaUtfa  lwfa«f  flW  ipMp—feriiiiiailMiliia 


Ttoir  Tmlls  uc  atmagl;  lUefcnwil  by  n 
Ha,  IIM  ovriljr  bdaic  ndnosl  to  a  a 

tto  kitlbMH  «f  the  fibnm  Tto  libtr.Bbaa  an  ottor  itngnkrtjr  r 
h  tto  lih(*-n^  or  itor  foim  ndial  fiaci  tnastendj'  inlMnclEd  lij  Bma* 
itfipa  of  f  wai  hyma.  or  tlw]r  an  ilrtmlj  ^dvd  ia  dioft  bsaJIn.  It  h  a 
pNaltottj  nf  dacbvua  Imtk*  that  ^h^m  toadto  moMit  alnjv  of  ■  f*»  ttoa 
(duor  btiniiTieTni),  «lHn9i  iu  twnj' otlicr  laifo  (u  cimiamoii)  aDalagnKa 
tovOM  wn  nkl*  D[>  nf  B  Ur;p  numtier  uf  fibna.  BaAa  {noridcd  witfc  Imv 
tomlto  «f  Uw  httrr  kioA  acvitiin!  thmAom  ■  vny  6liroiw  fnetnn^  vtuM 
tiiwIiOMi  kufct,  ttom  tbdr  ■htwl  and  Hin[il*'  6iim,  exhibit  ■  «lMft  fm' 
It  b  fatbft  jpaBolar  in  Ctt&mija  bark,  ia  vhiFh  llv  Gb(n  an  almo^  ii 
hf  IwawhyiaaHKH  liuac  In  ■!«  hvk  nf  C.  vroUcaUta 
Hlwma  hartac*  b  cln*  to  tlie  arrangnaent  of  tbr  fibm  ii 
1%  pabaeeiu  Ibt  Bbm  arr  ia  iliOTt  bapdin,  anil  prodoce  a  nther  troodjr  ftao- 
iBf*"  (Flttfldgn' and  Ilnnfanry,  Pturraafufcnphia,  p.  317). 

'  Aanntiml  in  3U,  the  iimn  layrrof  mrk-meristem  mavgive  rw  toparvO' 
cbrma  wlb  rnntiiiiiiii;  cblorophjll.  Of  these  «11»  Siuiio  myt :  "  Tlirj'  nrrrr 
hn-onM  cnrhris-lls,  Iml  an  tral;  |i«i«nch^atDm  ;  tbcT  an  fil1«J  irith  rbloro- 
lihjll,  atan^h,  and  tnmrtimpa  with  i^rrstaU.  Tbey  n<^er  become  ligniGed,  bat 
the  wall  moiihu  aa  niicluuiKvd  cellalow,  and,  in  «hort,  Ihej  an  triip  vortical 
o*IU,  Sinf.  thra,  tbt>r  OWF  tbeir  origin  to  tin-  ariivity  of  the  oork-Dwriiten), 
bnt  bpbavr  Ihrnugbont  thrir  wbulc  «nhwTr)Ui-ut  ileTflopiwnt  i>iTfi»ly  lik*  Ibn 
crila  at  Ui»  oorfx.  Uwy  may  !«  callnl  c^tk-portei  wlls.  Wtaa  tbey  ft 
diatinctly  •HinnI  laypt.  the  twin  Pbellodenn  ii  apiiropriate '" 
Jahrfas  IMO.  p.  4T). 
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418.  In  some  tilants.  notably  Uie  birch,  papery  layri 
liaUj  from  lime  to  time,  wliilt;  in  some  othL-r  plants,  e.  ff-.  Uie 
abag-bark  hickory,  lat^e  strips  of  irregular  form  ami  IhieknesB 
sin  dutachod.  Owing  to  tli*?  iDode  of  their  formation,  such  sepa- 
rabKl  pieces  may  fonlain  very  lieteiogouwma  clemeuts.  Of  them 
Sachs  saj-s : '  "  Not  un- 
ffwquently  the  formation 
of  cork  penetrates  mncli 
lieeper  [than  the  peri- 
derm] :  lamcllffi  of  cork 
arise  deep  within  the  stem 
as  it  increases  in  thick- 
ness ;  parts  of  llie  funda- 
mentat  tissue  and  of  the 
flbro-vaacular  hitnctlea,  or 
of  tlio  tissue  which  aftcr- 
wanis  proceeds  from  them, 
become,  as  it  were,  cut 
out  by  lamella?  of  cork. 
Since  everi.-thing  which 
lies  outside  such  a  stmc- 
tnre  dies  and  dries  up,  a 
peripheral  layer  of  driiil 
tissue  collects,  which  is 
veri'  varions  in  its  form 
and  origin.  This  struc- 
ture, abandant  iu  Conif- 
citB  and  in  many  dicotv- 

ledonous  trees,   is  the  bark,  the    most  complicated   cpi<lcrmal 
structure  in  the  vegetable  kingdom." 

419.  IqJnriM  of  the  sl«m.  The  stem,  es|)ccially  in  the  case 
of  planU  living  many  years,  is  |>articularlj'  liable  to  injuries,  the 
most  frequent  of  which  are  of  course  the  wounds  left  by  the  fall- 
ing of  the  lower  limbs.  It  is  proper  to  treat  here  of  the  natural 
repair  of  such  injuries. 

420.  When  any  part  of  a  plant  suflcrs  serions  mechanical 
injar}'  by  which  the  deeper  tissues  are  exposetl.  the  surface  of 
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FUrnuUnn  of  cork  In  »  bnuch  of  RIbv  nigmin,  ona  )>«u  oM ;  t*r>  "I  • 
«  MOloni  r.  «plilerinl(;  *.  bkir;  b,  but-ccUi;  pr,  cortirnl  larmrhriiis  dli- 
Inrtol  bfUielnereMeliithelUckneaanribelmnRli;  K,  loUI  pmluvl  af  Um  I'bcnoa'x '' -* 
I',  iba  Rtrk-cclli  ndUlly  In  ttm,  tnimeU  fmm  r  In  nntrimial  milar 
{pamtahymB  eoatafnlnc  ehloratilijll  Ibnnnd  centrlpMal^  Iroin  c).    (ft 


150  MINUTE  StKUCTpRE  fJp  TUC  STEM. 

this  wODnil  (!sliateH  moisture  very  rapidly,  and  under  ordinary 
vircumstaDws,  pxeejit  in  opiing,  soon  beuHucs  dry.  As  Hartiji;' 
has  aliown,  tlie  di^yiug  of  tlii-  exposed  tissuuB  ia  fatal  to  their 
(HimiranoDt  (.-ells,  and  the  oiganic  contents  si)e«lily  nndei^ 
clieiiiiuul  de(.'Oiu|)Osition.  Tlic  products  of  tliis  decomposition 
bave  been  further  shown  hv  liiui  to  be  fatal  to  neigbhoring  eells, 
and  uuder  certain  conditions  the  mischief  may  progress  to  an 
irreparable  extent.  But  usually  lliere  is  an  arrest  of  the  de- 
structive action  either  from  lack  of  the  free  ox.\gen  necessary  for 
the  putrefactive  prcceaa,  or  by  the  protection  atforded  by  tissues 
for  repair.  Wounds  in  resinous  trees  are  measurably  hindered 
fVom  effecting  much  damage,  owing  to  the  exudation  of  liquid 
resins  which  exclude  air. 

421.  The  stuuller  wounds  of  a  plant  arc  generally  healed  by 
cork  or  by  callus.  1,  By  cork.  The  superficial  layer  of  cells  at 
tlie  surface  of  the  wound  is  destroyed  by  the  iujuiy,  ajid  dries 
at  once.  In  soil  tissues  the  layer  Just  liclow  this  immediately 
becomes  merismatic,  and  behaves  precisely  like  normal  eork- 
mcristem,  cohering  the  entire  wound  with  a grajish  or  brownish 
film,  which  is  in  unbroken  connection  with  the  edges  of  the 
wound.  Extreme  drynesa  of  the  air,  or,  on  tlie  other  hand,  ox- 
treme  humidity,  hinders  repair  by  cork,  2.  By  callus.  This  ia 
best  studied  in  leaves  and  in  •'  cuttings."  When  a  young,  juicy 
leaf  is  wounded  by  an  incision,  some  of  ihe  cells  at  the  e^'poaed 
surface  may  give  rise  to  elongated  sac-like  bodies,  which  fill  up 
the  greater  part  of  the  injured  cavity,  and,  according  to  Frank,' 
ser^'c  as  a  new  epidermis.  Or  small  cells  in  close  apposition 
may  be  at  once  formed,  and  completely  protect  the  tissue  below, 
In  '■  cuttings"  the  callus  immediately  forms  a  swelling  near  the 
woimd.  A  portion  of  the  callus  may  by  continued  cell-division 
exteud  over  the  cut  end,  everywhere  bounded  on  its  ex)xised 
surface  by  a  cork  lajer.  Activity  of  the  cells  in  the  callus  and 
around  the  fibro- vascular  bundles  soon  gives  rise  to  new  parts, 
for  instance,  roots. 

422.  It  often  hapi^cns  under  favorable  conditions  that  a  large 
mass*  of  tissue  ia  gradually  formed  around,  and  Qnally  over,  a 
Iai|[e  injure*!  surface. 

1  Ztrrai'tzittigBorwhuinungKn  dua  IIoIzck,  Ri'iliii,  1879.     (Quotad  by  Frank.) 

«  Die  Pfliinzpnkmiiklicitcn.  1879. 

*  Uaually  when  a  brtDch  dies  it  rvmniiifi  altoched  for  n  ntiilc  to  the  stem ; 
and  no  wound  it  in  hut  cnii.vd  until  the  nluw  draiti'ation  ut  the  dtwprr  tisaoH 
has  gone  nn  to  n  conuderalile  eiclcul,  nud  witlioiiC  pxposun-  to  utniospheda 
lir  or  oQtside  inoisture.     When  thp  l)rauch  at  U»t  falls  off,  the  tissues  nroond 
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423.  Lsntleeb  are  peculiar  breaks  in  the  continuity  of  the 
[jeridemi  of  dicotyledons,  lu  sunie  cases  tliey  caa  be  detected 
under  minute  elcTations  of  tlie  eindermis  of  the  firet  year,  which 
split  open  either  at  the  end  of  that  season  or  during  tlie  next, 
furmlng  a  rift;  running  lengthwise  of  the  stem.    Through  tliis  clcfl 


underlying  tissues  apiiear,  [irotrnding  in  an  irivgnlar  manner, 
tlie  whole  etructure  constitnling  a  lentieel.  According  to  Stah],' 
there  arc  two  types  of  lenticels  :  1.  Those  with  loose  cells  in  the 
rift.  all«rnating  with  denser  lines  of  cells.  This  is  the  most 
common  type,  good  examples  being  afforded  hy  Alnus.  Prunns, 
JEscnhiB,  etc.  '2,  Those  with  closely  united  cells  and  with  no 
alternatiiig  denser  lines.  Illustrations  can  lie  found  in  Sam- 
bums  (see  l"'ig.  118),  Salis,  Comus,  etc.  The  same  authority 
states  tliat  iu  winter  both  of  these  kinds  form  an  impcrvions 
pcriderm-like  layer.  It  appears  from  Stahl's  examination  that 
in  their  complete  and  open  state  thej-  aid  in  the  exchange  of 
gases  between  the  interior  and  exterior  of  the  stem.     Klebahn' 

its  base  are  in  a  hedtbv  tundilioo,  wliilo  tlit  iutcmBj  abart  of  wood  U  dry,  and 
not  liable  to  uudergo  isjiid  decs;-.  Tli«  fonnation  of  a  9e|sntire  mas*  oTer 
tile  wood  can  therefore  go  on  to  eom|)leti<in. 

>  Hot  Zeit.,  1ST3.  Compare  HnbeTlundt :  Bitz.  d.  k  Aknd.  Witm,  Band 
iKxiL  Alrth.  i..  IS7S. 

*  Borirhlc  An  deutschen  IxitanuclinD  nrsiaiwhan,  UHa.  p.  119. 
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U/t  MIMdTK  XTItUOTUBB  OF  THE  STEM. 

A«*  l«l»l)'  «li'H*ri  Hint  ovt'ti  In  stems  iriUi  the  peridenn  free  Troni 
t>M4fu(^.  irfiiftalon  fiir  vKcliangP  or  gaaes  is  secured  by  ceruio 
M*'t**Ui*Ut  aiiMii'*  ut  iir  nuur  the  jkiidU  wliere  tfae  medaUaiy 
t»f»  'iiuw  ljf  tliM  iwrijiliiT)'  or  thp  atom. 

in  tiuMim-  If  Itic  ('amttimn  tissue  of  a  young  eboot  is 
ftiiMi$Uiii  I'll  n  lliiir  III  iIoKC  upimsilioii  nitli  tLat  of  a  nearly 
ftiiJAjt  ifU'il,  iiiilnii  of  ttit!  two  pnrtA  m&y  take  place,  and  the 
Wouwd  iiia>  hcHl  li)  Iht)  tintiirnl  prucL-sa  berore  described.  Saiv 
liKM  iu  IJila  fi|HtrHll(tn  di-|ieiulH  u|)oii  selcctioD  of  stiilahle  Bto(k 
•wt  *Lij(i(,  irtiiili<i'  or  Uix  proiMT  neoson,  fVcshncBS  of  the  eot  sur- 
(Ww,  iiltil,  MMiiiinilly,  I'xdiiaioD  of  air  ttom  the  wound.  The 
mutfiuU  lit  liiilitllDH  <!■■'  "iirfhcvi  of  llie  elock  and  scion  togethpr 
ii)  Uii4  iijmi>'hU'>ii  of  Kfitftlntl  nru  iiinumnraMf.  but  for  the  prca- 
t^l  (fUi'iKwi  Kiuy  lid  rf  IV<m<d  l<i  two  principal  lji>ee :  (1)  that  in 
w(tU|)  ttiu  iidiiu,  wholly  •cpiiniied  from  the  plant  on  wlikh  it 
limw  »M  a  l>iiMiti)it  la  pIniH'il  In  koidc  Mirt  of  a  clcfl  of  the  plant 
mliivU  i*  Uiuiiuuniilh  Ut  fiiinUli  it  witli  nourishment;  (2)  that  in 
wUiJi  llw  lutiiiii  U  Mtlll  ratnlntid  In  Ita  connectaon  with  the  parent 
(lUut.  Uit  t*  laiiit  ovur  iinil  a  ftvohly  out  surface  kept  in  iK>ntact 
wiij)  a  i>Mi  •iirfai^u  iif  aiiuLlii<r  plant,  until  the  scion  has  fairly 
bcuww  ulUi'hiid  li\  iii'traniK  union.  When  this  is  accomplished, 
it  U  L'ut  uff  h'liiu  llio  purent  plnnt.  This  tvi>e  of  grafting,  in  its 
luMiy  variullvA,  la  known  m  "  aiiproach  ({rnHint;-"  It  takes  place 
fti  ualiiru,  oa  ohowji  In  the  fullowintf  paragraph. 

t^6.  Two  lirniiahna  of  one  iilntit  may  U'cuuie  united  when. 
»ll«r  mtiufviil  of  n  ■uctlon  of  hurk  fVom  each,  the  two  denuded 
aiirfai'tw  are  kept  In  apiHrnltluii  fVir  a  Umo.  Kuch  unions  of  axial 
orgjuu  aro  not  nire.  ( Ki'niilonally  tliey  may  take  ]>lacc  between 
two  •hmiU  at  a  point  iii^nr  thu  root,  so  that  the  trnnk  will  ulti- 
mately conniat  rif  n  single  ilif[kly  grooved  alem.  The  union  may 
be  Imtwi'uu  two  pluiitu  of  the  Maine  species,  or  even  lietwecn 
jilaiila  of  ilitTi-i'int  i>|mHi'».  The  attrition  of  two  branches  which 
|iav«  grown  ugainHt  uno  anotJier  raaj'  sufllce  to  wear  off  the  bark 
on  Iwtli  dowii  lo  Ihe  camhiuiii,  and  Uien,  iftJieiresposcd  surfatt-s 
are  hulil  togt-tlier  for  a  while,  union  will  follow.  Such  natural 
grafts  are  ini't  with  IVcqucntly  nt  the  borders  of  forests. 

426.  In  the  kindred  o|)eraUon  of  tiudding.  a  bud  with  a  little 
of  the  tiaaiie  behind  it  in  placed  in  n  clelt  in  the  bark  of  the 
stock,  so  that  the  cambium  layer  of  the  two  may  come  into  close 
cuntiu-t. 

fi7.  Th"  "tt!in  may  bi-  invaded  by  parasitic  roots  at  any  part, 
and  its  H«bne(]iiGnt  development  seriously  affected  thereby.  Such 
Invosioiia  ollen  give  rise  to  swclliugB,  distortions,  etc.,  by  which 
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the  Structure  of  tlie  stt-in  becomes  much  disguised.  In  tlm  ouse 
of  parasites  like  Phoradendron,  which  live  for  several  vifirs.  a 
vertical  section  through  the  stem  of  the  host-ijlant  shows  how 
complete  the  union  b  between  the  host  and  parasite.  The  junc- 
tion has  been  well  compared  to  that  which  takes  place  betweeu 
It  scion  an<l  ita  stock,  since  the  ncwcr-foroied  tissues  of  both 
|)Ut)ts  liec^mc  i>erfectl^  united,  ami  their  subsequent  grovFth 
go«a  on  together. 

428,  The  rclalionsof  the  root  to  the  stem  arc  not  complicated, 
except  as  regards  the  bundles  at  the  "  crown  "  of  the  root,  or  the 
(mint  where  it  meets  the  stem.  When  the  primary  structure  of 
dicotyledons  in  which  the  liltcr  of  the  root  ia  ananged  in  one 
way  and  that  of  the  stem  in  another,  as  shonn  in  Figs.  92  and 
1 1 2.  [lages  1 1 1  and  1 37,  is  followed  by  the  formation  of  a  tine 
cambium  ring,  the  suliaeqncnt  growth  of  root  and  stem  is  alike. 
Yearly  additions  are  made  in  tlie  runt  in  the  same  way  as  in  the 
stem;  but  owing  to  the  unequal  reslstauce  exerted  by  the  soil, 
such  increment*  are  often  very  irregular. 

Roots  may  be  produced  at  any  pai-t  of  a  stem  where  adequate 
moisture  and  warmth  are  furnished;  but  they  strike  off  chiefly 
at  nwies.  and,  in  the  case  of  cuttings,  also  at  the  seat  of  injury 
where  the  callus  is  formed.  Such  secondary  roots  form  on  stems 
in  much  the  same  manner  as  root-branches  do  upon  roots. 

429.  BDdlmenUr;  and  tranKTomied  branches  present  lew  ana- 
tomical difficulties.  lu  tlic  stnicturc  of  a  branch  tendril,  or 
runner,  it  ia  generally  easy  to  rew^iiize  the  ilegree  of  reduction 
which  the  normal  fib  no- vascular  system  has  undergone.  In  the 
lase  of  underground  stems  and  branches  there  art-  often  puzzUng 
anomalies,  but  they  can  mostly  Iw  explained  \>y  the  following 
facts  brouglit  out  by  Costantin,'  who  has  made  a  si^ecial  studj' 
of  a  lai^c  number  of  rhizomes:  1.  The  epidermis,  if  present, 
is  modified  by  becoming  cutiuized  first  on  its  outer  walls,  where 
it  may  acquire  considerable  thickness,  and  later  on  its  lateral  and 
internal  walls.  2.  The  cortex  increases  either  by  entai-gement 
of  its  cells  or  by  llieir  multiplication,  the  collcnchyma  diminish- 
ing or  oomplet«'ly  disappearing.  3.  A  eoik-layer  is  sometimes 
produceil  at  an  early  |>eriod,  from  different  points  in  the  epi- 
dermis, in  the  cortical  parenchyma,  in  the  endodermis,  iu  the 
peripheral  layer  uf  the  bundles,  or.  lastly,  in  tJie  liber.  This 
replaces  to  a  great  extent  the  fibiwis  layer  which  is  so  com- 
mon in  aerial,  hut  never  much  developed  in  underground  stems. 
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4.  Tlie  cortex  U<Ieveloiied  largely  at  the  expciisu  of  Uie  [litli.  ■ 

5,  Tbere  is  only  sliglit  Itgnifieatioii  of  the  ulements.    6.  There  la  I 
a  great  accumulation  of  reserve  iimtcrials. 

4;iO.  The  relations  nf  n  bruncli  to  the  main  axis  of  the  steoi  I 
Heiilom  present  aiu  histologieal  (lilUeultics,  the  tissues  of  the  I 
fiiriufr  l)eing  eoDtiiinoua  with  those  of  the  latter.  When  i 
branch  breaks  off  tloHe  to  the  stem,  and  tbv-  |Hirliiin  retnaiiiing  I 
becomes  buried  by  stem  tissues  wbicli  are  subsequently  produced,  [ 
a  knot  is  forrued. 

431.  Stems  of  TMwaUr  erjpUtguiia.*  The  folloiring  outline  I 
indicates  the  pr)oei[ial  points  of  difference  between  the  st«-n)s  of  J 
Pbteno^ms  and  those  of  Ferns,  Efiuisetacea,  and  their  allies. 

I.  lu  vascular  cryptc^nis  tbe  fibro- vascular  bundles  at 
closed  and  as  n  rule  arc  coni-etitric.  1.  In  Equisetnm  they  are  I 
slender  and  are  arranged  in  a  circle.  From  the  median  line  of  ■ 
each  toolh  of  the  "  sheath"  (s<rc  (! ray's  Manual )  a  fascicle  de-  I 
sceiids  periH'Udicularly  through  one  iiiternodc  and  divides  at  tlwl 
one  lietotv  into  two  branches,  which  unite  with  tbe  lateral  ones  % 
next  to  tlicm.  2.  In  Osmundacetc  tlie  arrangement  of  the  e 
Btituent  parte  of  the  central  cylinder  is  not  unlike  that  in  certefa  I 
Conil'ene.  3.  LycojKxliacete  have  tlie  bundles  largely  dependent  1 
upon  the  arrangement  of  the  leaves,  but  the  axial  (■,\linder  i 
essentially  can  line.  4.  Ferns  proper  may  have  (a)  an  axial  cyliiH  I 
der,  or  (/')  several  coneenlrieally  curved  bnndles.  In  either 
there  may  also  be  isolated  and  rnthcr  slender  bundles.  In  botb  I 
cases  al)ove  mentioned  the  bundles  coalesce  to  form  a  lery  con^  I 
plic^ited  network,  whieli  apparently  is  not  dependent  for  its  char<>  | 
acter  u|)on  the  distribution  of  the  leaves  i]{>on  the  stem. 

II.  In  vasenlnr  ervptogams  the  paivnebynia  in  tvitnin  pis 
may  Itrcome  largely  sclerotic,  forming  dense  anil  often  brows  I 
masses,  the  constituent  cells  of  which  are  sometimes  considerabijr  1 
elongated. 

III.  The  epidermis  in  Kipiiaelnccie  is  strongly  silieiGed.  The  | 
stumata  in  these  plants  arc  in  the  grooves  ;  their  development  ii 
(icculiar  in  that  (Voui  one  epidermal  cell  four  guardian  cells  anel 
formed  in  one  plane;  but  soon  tlie  two  outer  cells  grow  morel 
rapidly  and  crowd  down  the  two  inner  ones,  so  that  the  latter  1 
afU'rwarda  become  distinctly  I>p1ow  ihem.  The  epidermal  cells  1 
of  Ferns  frequently  cr>ntsin  chlorophyll  gmnulcs, 

432.  Hteus  of  mouses.  Here  no  true  tiliru- vascular  bundles  J 
are  met  witli.  but  elongated  cells  fill  their  place,  forming 
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has  been  termed  a  fascicle.  Compariaou  of  these  threads  —  if 
Bath  they  can  iudccd  be  called  —  wilh  tlie  rudimentary  flbro 
vaacular  bundles  of  some  wator-plauts  suggests  Ihat  the  former 
are  bundles  of  the  simplest  possible  kind. 

The  parenchyma  cells  are  bounded  in  Inte  mosses  by  smaller, 
'  It icker- walled  cells,  which  do  not  contain  chlorophyll. 

THE    I-EAF. 

433.  It  was  shown  in  322  that  roots  are  formed  under  the 
superficial  tissues  of  the  stem,  and  have  these  outer  layers,  or 
derivatives  from  them,  as  coverings  during  at  least  a  poition 
of  their  growth.  But  leaves  are  never  thus  covered  by  layers  of 
stem-tissue  ;  hence  they  are  termed  exogenous  productioDs, 
while  the  term  endogenoug  is  applied  to  the  manner  in  which 
roots  arc  formed, 

434.  DeTelopment.  In  the  earliest  stage  of  its  development 
the  leaf  is  a  mere  papilla  consisting  of  nascent  cortex  (pcriblem) 
and  nascent  epidermis  (dermatogeu ).  As  soon  as  the  papilla 
elongates,  or  becomes  flattened,  some  of  its  interior  cells,  making 
Up  procambium  tissue  (sec  315),  differentiate  iuto  fib ro- vascular 
bundles.  But  the  procambium  of  the  nascent  leaf  and  tliat  of 
the  cone  of  soft  tissne  constituting  the  growing-point  of  the 
stem  are  in  unbroken  connection  with  each  other;  in  like  man- 
ner the  bundles  which  are  derived  therefrom  are  continuous,  and 
it  is  not  possible  to  detect  any  line  of  demarcation  between  them. 
In  fact,  the  newly  formed  bundles  in  a  young  leaf  appear  as  if 
they  are  merely  the  slender  prolongations  and  terminations  of 
those  in  tbe  young  stem.' 

435.  With  the  transverse  and  longitudinal  enlargement  of  the 
nascent  leaf  there  is  generally  more  or  less  curvature,  bo  that 
the  outer,  lower,  and  earlier  leaves  infold  the  npi«r  leaves  and 
the  growing-|K>int  of  the  cone.  In  most  cases,  some  of  tbe 
lower  leaves  which  thus  envelop  the  gi-owing-point  become  modi- 
fied to  form  protecting  scales  ;  such  is  the  ortlinary  structure  of 
buds  (see  "  Structural  Botany,"  page  4^,  fig.  83). 


>  It  sliouM  be  rrmcmbeKd,  bownvpr,  that  mine  of  the  bimdlea  in  llie  ■t«m 
(mc  Sfifi)  niuy  he  derived  from  procBmbiurn  peenliar  tn  the  »l«n,  sail  vbicb 
doe«  not  vKtrnd  iiito  tbe  IcbT.  Hi-nce  it  is  xtrceKorf  to  diHtingulnh  between 
■tFln-bundlca,  cainni»D  baudlea,  sd<I  ImftiaceH.  The  romit-r  Ixilniig  to  Iba 
■t«ni  iluiii^;  ihu  (;oinniun  bandlct  arc  coiumun  to  8l«m  and  leaf ;  tba  lEaf-ttscm 
■TO  Imf-bunillM  which  are  in  thd  stem  anil  which  at  some  pcoDt  unite  with 
other  buinUea  of  the  nrns  kind  to  rorm  cammoQ  bnndlei. 
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4»C.   The  growtb  of  th«  young  Ifaf  is  plainly  lerminal  at  Bnrt,              1 
—  UuU  h.  new  wUo  An:  mIiIihI  just  in  front  of  the  older  odcs;  liut 
t  iHMto  iM-eniufH  inturcniary  na  wull,  new  oells  being  iutroclucx^d 

Hctivily.  tliU  |{n<wtli  inuj'  lie  biiH[j>ftal  (the  zone  of  growtti  being 
UMir  liu-  tMM-  of  t)ic  Irnf-Miulc)  or  liaAifugal  (the  zone  nearer 
Um'  b|mx  of  till'  Iciifj.     !n  most  cases  the  base  of  Ihc  leaf-Mad.- 
wkI  tile  Ati|iiili'n  i-arly  ntttiin  u  gootl  degn-e  of  c)evelo|(ment,  aflei 
wliii'li  (111'  jx'lioli'  ii|)iienr)i. 

for  tlif  iinr^HMf  of  noting  tlie  peculiar  mode  in  wliieh  tlie  lenf- 
Amde  expHiiifa,  tile  Bitii|ile  device  suggested  by  Hales '  is  perhaps 
ui  food  u  any.     'I'h^jiigli  a  piece  nf  stitT  pastelKwrnl  sliarp  pins 
arc  tJtnwt,  and  fastened  at  equal  distancca  from  each  otbcr ;  for 
lutaiiee,  mo  hh  to  Ajrin  little  squares  of  J  inch  side.    By  this  sim- 
ik-  Inslrum-iit  ii  young  leaf  is  pierced  through  with  boles  at  equal 
dlstaiu^s;    theu  if  the  leaf  elon- 

' 

1 

gales  morv  Llian  it  widens  in  the              ] 
space  tluis  covered,  the  holes  will 
Heparate   in   the  direction   of  Iho 
l<-ii^lli  of  tlie  leaf  mure  thar.  in  that             _ 
..1   its  width.     The  injury  done  to              1 

iliHS  not  jippenr  to  eheek  or  other-              1 
«iff  niueh  modify  its  growth.                       1 

1S7.     rihro-Taseular     bandlM. 
Tlie  distribution  of  fibro- vascular 
lpiiinllt'8    in  leaves   has  licen   eon- 
sid.rcd  in  Vol.  I.,  under  "  Vena- 
1  ii  111."    The  two  principal  types  of 
.listribution  of  the  bundles,  there 
Npokon  of  as  *'  veins  "  or  "  nerves." 
were    shown    to    he    (1)    parallel. 
(2)  i-eticutatcd.     PaniUd  venation 
(nee  Fig.  lift)  is  charBCt4<rized  by 
hiiiini;  lai^o  "veins  "or  "  uer\'es" 
r  nulling  five  through  the  leaf  (thai 
i^.  not  connecting  with  each  other), 
or  witliont  any  obvious  anastomo- 
HiH ;  while  in  rftinJifcd  venation 
the  veins  form  n  more  or  less  cxmi- 
plicat«d  network. 

1 

k 

1  SUticnl  Kwixya.  v»l.  1..  1731.  \:  SU.                                              M 

439.  Parallel  venation  is  III  two 
princijinl  kinds :  (1)  that  in  wliidi 
large  nerves  run  in  long  curves 
from  the  base  to  the  apex  of  the 
leaf;  (2)  that  in  wliidi  wranller 
nen't!8  rnn  generally  at  riy;lit  an- 
gles from  a  main  nerve  (or  midrib) 
to  the  etlgea  of  the  leaf.  In  both 
these  kinds  of  [uiratlel  venation 
the  veins  are  more  or  kss  con 
nected  by  means  of  inconspiciiona 
crosa-veinlels  and  bj  the  ana^to 
mosing  extremities,  but  some  of 
the  veins  may  be  /ree 

iHd.     Retieiilated    venation    is 
likewise  of  two  principil   knids 

(1)  palmate  (Fig.  liO;  in  ivhicli 
relatively  lai^e  veins  di^ergi  from 
each  other  at  the  base  of  the  leaf; 

(2)  pinnate  (Fig.    121).  in  which 
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sido  veins  strike  olT  thruugli  tlie  whole  icDgth  or  a  strong  Du<Uib. 
Ill  botli  these  cases  ihe  veins  tlivido  and  swWividc  and  have 
riumerons  (^rnBs-uuiinfutionM  lioUi  lai^u  uiid  auiall,  uulil  the  Dlti- 
mat«  miniticiitions  arc  in  great  liarij'rte. 

440.  Thns  it  ajipears  that  in  botli  tjpcs  there  is  abundant 
com raimieii lion  between  the  veins  of  leaves:  l)Ut  in  Eome  c-asea, 
especially  in  rudimentary  and  submerged  leaves,  in  tbo  leaves  of 
Coniferie.  etc..  the  veins  arc  very  generally  free,  and  few  if  any 
erosa-velnlets  are  met  witli. 

441.  The  11  bro- vascular  bundles  of  Imves  arc  cssentinlly  like 
tliose  of  stems  (aeu  365).  and  need  no  ejH'ciiil  deseriptiun  here. 
Their  extremities  are  for  tlie  most  part  trachelds,  oHcn  armiigcd 
in  double  rows,  but  their  diversities  of  struetnro  and  arninge- 
menl  are  innumerablt-.  One  of  the  more  striking  special  cases  of 
these  has  tieen  alreatty  shown  in  tlie  illustration  of  a  wat^rpore 
(w,  Fig.  55) ;  others  will  U'  (considered  later  ("see  '*  Insectivorous 
Plants").  The  trachelds  which  terminntu  the  final  raniificatiiins 
of  the  veins  in  leaves  are  in  cloee  contact  witli  ]iarenchyma  cells. 

442.  Atneording  to  Casimir  I>e  CandoUe.  the  leaf  may  be  re- 
garded histologically  as  a  branch  with  its  upper,  that  is  its 
posterior,  aide  atrophied.' 

443.  The  stipules  have  the  same  arrangement  of  elements  in 
their  Bbro-vasculnr  bundles  as  the  blade,  —  that  Is,  lihcr  below 
(outside),  wood  above  (inside).  But  in  ligulea  (organs  which  are 
formed  by  radial  dedupli cation)  the  arrangement  is  just  the 
reverse  of  this, — the  liber  is  above,  Uic  wood  below. 

444.  Parendt^uia.  The  forms  of  tbc  parenchytuu  cells  which 
constitute  the  pulp  uf  leaves  are;  i\)  spheritnl  or  nearly  so; 
(3)  ellipBoIdnl,  sometimes  mueh  elongated:  (S)  branched,  some- 
times atcllut^'.  Examples  of  these  three  are  often  met  with  in 
the  slnicture  of  a  single  leaf;  the  upper  layers  generally  l>eiiig 
composed  of  ellipsoidal  cells,  the  lower  layers  of  more  nearly 
spheiioal  ones,  intermingled  with  some  which  arc  blanched. 

44o.  The  arrangement  of  the  pnreTiehjmn  of  the  leaf-blade 
is  referred  by  de  Bary*to  two  chief  tyjjes:  (I)  Iho  ixntric,  in 
wliich  the  chlorophyll  parenchyma  is  uniformly  disi>osed  through- 
out the  whole  organ ;  (2)  the  bifacial,  in  which  there  is  a  de- 
cided difference  lietween  the  loinpact  tissue  of  tlie  upper  and  the 
spongy  tissue  of  the  lower  side  oT  the  leaf. 


'  Atvliives  de>  wiencna  ■!«  la  ltiblioth^.|UB 
]i.  82,  "  iiD  nuiwiiii  k  futio  imsWrieiin-  itroiihiee." 
'  Vpr^fiohendt  Anatomiu,  p.  433. 
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44(i      rill  (.intriL  arrangement  hi 
III  Hliiih  tl]L  nliule  pulji 
hut  tuwurilii  lis  mill 
lUc  pltinc  has  I  iigrr 
Lills  witU  Uas  i.hlo 
.o|>lnll     ami  eunie- 

tllllOS   1)18   LOIlSpllU- 

uiiit  luLuiiio  (many 
^riissLs  ^iieui  Iil& 
uiLiiUMii  {-laasula, 
t:U  )      (J)    tliiit    in 

WlllchltiaC()U)|K)5l'<) 

(if  l-ners  tbith  are 
uiiifuimlv  (lietnb- 
iitixl  ulimp  niitl  lio 
luw  a  nii'lillc  I&\ir 
orHtlciricsai  ells  fii  1 


rifh  ill  sap  (A toe, 
ML'Scnilirvn 
i!tc.).  In  Ifth  the 
foregoing  mollifica- 
tions tliP  up|>er  Inycr 
of  tlie  parenclij  mo 
may  In-  comitosLfl  of 
somewhat  longer  otIIh 
tlinu  those  lielow,  anil 
to  IhcTti  can  tx^  aptiliitl 
the  tirtn  more  gener- 
ally i^ivon  to  tliOHo  in 


llic 


■xllyi«'.  I 


K-lv. 


447.  Tlio  Infacial 
urraii<:eiiii'nt  ha^  the 
denser  tisBiie  in  that 
jiart  of  the  Ifaf  wliieh 
is  ex|H)8i'd  to  the 
»iTs  of  (MiliKaflo  unrt'n- 


<r  lloi  Aintft'llniD.  ■tionlng  (rrviitrninnl  "I 
•I  buixlla.    IHumUa  •»  taamt  on\j  afn  iha  bivm-aHrftaof  Uw  lea'. 
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ch^  ma ;  but  the  aggregate  thickness  of  these  may  not  be  so 
gn*at  as  that  of  the  spongy  pareDch^Tiia  oo  the  other  side  of 
th*'  leaf  i^sce  205). 

ii^.  Ill  M>UK'  plants  the  palisade  parenchyma  is  fonnd  almost 
as  alHimlautly  in  the  umler  as  in  the  a|>per  portions  of  the 
leavi-9.  lk*!»sey '  has  shown  that  this  is  the  case  in  the  leaf  of  the 
Coiii|ia'v>  plant  v^^ilphium  laciniatum^ :  **  Its  chlorophyll-bearing 
|i2in*iu  h\  Ilia  IS  aliui^t  eutirely  arrai^ed  as  palisade  tissue,  so 
that  tlu*  up|>cr  ami  K^wvr  |K^tiiHis  aiv  almost  exactly  identical 
ill  Jttnu'tuiv.*'  Another  plant  (KKS^^ssii^  sulistantially  the  same 
leat'-^tnirture  is  l^etut^  Si*ark»hL  When  its  leaves  are  grown  in 
the  light,  ibi'V  take  a  Yertit^al  (nation  (ami  generally  stand  north 
and  ^uutl));  Init  it*  gr\>\vu  in  the  shaile«  they  are  horizontal. 
Tlie  li'uvfs  which  hix*  tU-NeU^Ktl  in  the  light  have  palisade  paren- 
cliyniH  on  Uah  the  up|HT  aini  umler  (M>rtii.ms:^  but  those  which 
are  devt*lo|H*il  in  the  shade  liave  onlinan*  |K!Upem4iyma  above 
aiitl  niorf  or  K-sci  >telhite  |fcareuehyuia  Wk>w, 

44'J.  AixH»nlin^  to  Stahl/  expi^ur^*  of  a  leaf  to  light  or  shade 
during  dovrlopuient  has  very  luueh  to  ilo  —  in  the  plants  thus 
far  exaniiiK'd  —  with  the  foiiu  and  arrangement  of  its  paren- 
ehvuia.  The  leaves  of  the  common  beei*h  afford  good  material 
for  the  stndy  of  the  suhjei't.  lu  some  cases*  at  least,  those 
which  are  grown  in  the  divp  shaile  of  a  gn>ve  an?  different  in 
texture  from  thoM'  wliieh  are  formeil  in  bright  sunlight. 

4.'i(».  Till'  )»:ireni*liynm  of  the  ^H^iole  is  generally  much  like 
tliat  of  the  Nt«'in  to  wbieh  it  is  attai^htnl ;  la  vers  or  lines  of  thin- 
walleil  eollrneliyma  sometimes  extemling  without  interruption 
from  the  stem  into  the  |H»tiole.  In  the  pi^tioles  of  C\'cads  scle- 
rotie  eh'ment*^  like  those  of  the  stem  are  often  alHimlant,  and  are 
continuous  witli  them.* 

4.'il.  In  some  leaves  which  have  the  power  of  movement  the 
jH»tiole  is  mueh  enlarged  at  its  Imse,  forming  what  is  known  as 
the  pulvinus.  The  parenehvma  of  this  stnicture  is  sometimes 
|)eeuliar  in  !M*in<»  thiek-walliMl  on  the  upper  side  of  the  petiole 
and  thin- walled  on  the  under.  Other  |HH?uliarities  will  be  de- 
scribed under  *'  Movements." 


*  See  .ilso  AiiKTican  Xnturalist,  1877. 

2  Pick  :  B<.tiiiiMlu-.s  (Nntnilhlatt,  1882,  vol.  xi.  p.  441. 

*  Stalil  :    T.-Imt  drn   Kiiif1iLs.s  «los  sonnipMi  oder  schattigen  Standortes  aaf 
lie  Aiis}>iM\ni*^  (l<*r  I^uil»]»latti'r,  J«'na,  1883. 

HalKTlandt,  on  tlie  other  hand,  tlors  not  think  the  t-fft^ct  of  light  in  con- 
lling  tin*  t"liara<tcr  of  leaf-structure  is  well  niarko<!. 

*  Kraus  :  Pringshcim's  Jahrb.,  1865,  vol.  iv.  ]>.  305. 
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4.12.  Tho  epidermis  of  the  loaf  is  coiitiiiiioiiB  wii.li  iliut  of  tho 
stem.  Its  principal  ligatures  have  Iweii  ik'striliLvl  in  Chapter  U., 
and  onl.v  tlie  following  iiwd  now  Ik-  reaalli^.  1.  It  niftv  \te 
simple,  thai  is,  t-ompostd  of  one  lavor  of  cells  ;  or  niuiti|)lf. — 
of  more  Uiau  one.  2.  1  mined  lately  lielow  it  may  bo  fotiiid  in 
some  cases  one  or  more  Injers  of 
cells  knowu  as  the  hypodevmu. 
3.  The  epidermal  odla  are  in  un- 
liroken  eontact  with  each  other 
except  al  ( 1 )  rifts,  (2)  water-pores, 
(3)  stomata  4.  Their  surfaces 
may  exhibit  nearly  every  form  of 
trichome. 

453,  GUnds  secreting  nectar 
are  found  on  different  portions  of 
the  leaves  of  various  plants ;  for 
example,  at  the  jnnctioii  of  the 
petiole  witli  the  blade  (Poplar), 
at  Uie  base  of  the  petiole  (Cassia 
occidental  is),  on  the  lower  side  of 
the  midiib  of  llic  leaf  (cotton- 
plant),  or  scattered  over  the  lamina 
(torban  squash) .  .Such  glands  are 
particnlariy  noticeable  in  insec-  ^ 
tivorons  plants,  as  Sarraeeriia  and 

Nepenthes  (see  Part  II.).  On  making  a  seetion  of  one  of  the 
nectHr-glaiids  foinid  on  a  young  poplar  leaf,  the  epidermis  will 
be  seen  to  he  tmtisfonacd  into  a  double  layer  of  thiii-wnlled. 
elongated  cells  forming  the  secreting  surface,  whii-h  in  ch.ii'gi'd. 
tf^ether  with  the  paR-nchyma  lying  below  it,  with  n  syrup  de- 
rived from  the  Iraiisliirmation  of  starch.  At  times  the  secretion 
ft-om  a  gland  is  so  abundant  that  drops  nl"  e»)n'*idcmhle  size 
collect  Mjion  the  surface  of  the  lenl',  and  if  rapid  evaporation 
takes  place,  crystals  of  sugar  are  (l«i>%ited  at  the  gland.* 

454.  The  leaves  of  submerged  phienogams.  for  example  those 
of  Polamogeton  ami  Myruiphyllum.  iwssess  no  true  epidermis; 
the  parenchyma  is  therefore  in  direct  contact  with  the  surround- 


1  Trel™'*:  >'«'Iur  una  ita  Vkm,  in  R«|>cirt  on  Cottmi  lii-.'i'tit{Kiiitn1  .St«l(« 
DepMtuiPnt  of  .\jsrii-ulture,  187U),  miil  Se.-tftr-(ilniuiit  of  Popiihis.  linunicol 
Quctte,  vol  ri.  p.  284. 
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ing  water.  On  the  external  surface  its  thin-walled  cells  ai*e  in 
dose  eontat-t  (there  l)eing  nothing  answering  to  stoniata)  ;  but 
in  the  intfiior  of  the  leaf  there  are  often  lacunoB  filled  with  air. 
These  were  thought  by  Hrong!iiai*t  to  be  essentially  the  same  as 
tiiose  cavities  found  in  the  parenchyma  of  man}'  marsh  plants. 

The  veins  of  subnu.Tged  leaves  have  no  true  ducts ;  the  elon- 
gated fascicles  generally  consisting  merely  of  rows  of  elongated 
cells.' 

455.  H(K>ts  may  l)e  produced  from  leaves  in  much  the  same 
way  as  they  are  from  stems ;  that  is,  some  of  the  cells  at  the 
lil>er  may  divide  in  such  a  manner  as  to  form  a  protul)erancc 
which  pushes  before  it  a  pait  of  the  endodermis.  As  the  root 
thus  formed  emerges,  the  tissues  are  speedily  produced,  the  wood 
l)€ing  continuous  with  the  wood  of  the  leaf,  the  liber  with  its 
lilK»r.  Roots  may  arise  naturally  in  some  leaves  by  simply  plac- 
ing them  in  contact  with  moist  earth,  or  they  may  be  pixnluced 
artiticially  by  mutilation  of  the  petiole  or  lamina.  Bryophyllum 
calyci!unn  affords  a  good  example  of  the  former;  Begonia, 
PejKjromia,  etc.,  of  the  latter  mode  of  origin. 

45G.  IJuds  may  form  spontaneously  on  the  margin  of  leaves, 
especially  those  in  contact  with  a  moist  surface,  or  they  may 
gi*ow  from  the  cells  under  t\w  scar  where  a  mutilated  leaf  has 
healed. 

457.  In  some  of  these  cases  only  the  epidermal  cells  take 
part  in  producing  the  meristem  from  which  the  bud  is  develoixjd  : 
in  others  the  parenchyma  just  below  the  epidermis  also  divides, 
or  the  cells  under  the  scar  nuiy  produce  all  the  axial  tissue  ele- 
ments. Begonia  is  an  example  of  the  first  method  of  production, 
Bryophyllum  of  the  second,  IVperomia  of  the  third. 

It  is  interesting  to  observe  that  in  all  these  cases  the  bud  forms 
without  the  intervention  of  the  fibro-vascular  bundles  of  the  leaf. 
The  newlv  formed  axis  has  fibro-vascular  bundles,  which  may 
anastomose  with  those  pre-existent  in  the  leaf,  but  usually  they 
are  entirely  distinct.  The  axis  is.  however,  jM-ovided  with  its 
own  root-system,  and  after  a  time  it  becomes  severed  b3'a  plane 
of  cork  from  the  le:if  which  produced  it. 

4rj8.  Fall  of  the  leaf.  In  deciduous  plants  the  leaf  separates 
from  the  stem  or  twig  by  the  formation  of  a  plane  of  cells* 
cutting  sliMiply  through  the  j)etiol(^  at  or  very  near  its  base. 
The  dividing  plane  may  1h»  partially  formed  early  in  the  growing 


^  Broii^iiiart  :  Ami.  d«'s  So.  nat.,  toiiK*  xxi.,  1830,  ]).  44'J. 

'^  Called  Ly  Mohl  tlie  siJiMirative  layer  (Botanisclie  Zfitung.  1S60,  ]».  1), 
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svwoti,  tmt  gnnernlly  it  is  iiot  fitr  advaiioeil  iu  devolopmcnt  anlll 
near  I  be  end  of  eiimmei-.  Tbe  le-jflets  of  the  Inrger  comiwund 
li>avi-it  —  Tor  iiisUtncii.  tho.^u  uf  Ailuntlius,  Gyrniiovladcis,  Ju- 
srlans,  Ptf.  — afford  eatcellenl  matcml  for  esaininiiig  the  (irocess 
(if  (to foliation.  Strong  leaves  of  any  of  the  pltiiils  nicationed 
nrc  to  be  kept  I)ctwe(.'ii  damp  (not  wet)  paper  iti  a  warm  place 
for  n  number  of  botira,  when  tbc  formation  of  tbe  dividing  plane 
can  be  ohsened.  The  plane  is  so  far  eomplt'ied  by  the  end  of 
tlic  aecoml  or  ttainl  day  that  the  leaflets  full  ivilli  the  sUghli'&t 
tonch- 

45ft.  The  strong  leaves  of  horae-chestnut  are  employed  l<y 
Strasl^urgcr  as  material  for  demonslrating  tbt^  pnxzcss  of  defolia- 
tion. He  says  that  alcoholic  material  answers  very  well  for  the 
purpose,  but  that  it  hapiieos  oi-cosionally  Ihat  the  distiiictivo 
brown  color  of  the  cells  adjoining  the  cutting  plane  is  nearly  or 
quite  lost.  The  petiole  is  to  be  cut  through  in  ita  median  line, 
and  then  several  \'ery  thin  longitudinal  sections  |i!ii-allcl  to  this 
aro  to  be  carefully  uiadu  and  [tlaceil  at  ohcc  in  water.  In  a  good 
preparation  the  cells  making  up  the  cutting  plane  shnuM  be 
clearly  seen  extending  from  the  epidermis  of  the  petiole  to  the 
fihro-vascnlar  bundles.  If  tbc  leaf  wa.s  taken  nt  Just  the  right 
lime,  the  preparation  should  show  also  that  the  cutting  plane 
has  invadt'd  evi^n  the  tissue  of  tbe  H It ro- vascular  bundles.  The 
plane  twnsista  of  one  to  several  layers  of  cells,  some  of  which 
are  |ilainly  cutinized :  tliiia,  as  a  rule,  the  place  of  separation  la  a 
sear  br-ided  before  tlie  leaf  falls. 

It  happens  frequently  that  changes  take  pinw  at  the  middle 
portion  of  tbe  cutting  plane,  by  which  its  layers  near  the  leaf 
are  forcibly  separate<l  from  those  nearer  the  stem ;  in  sitcU  coses 
tbc  leaf  faLs  Iteeause  it  is  forced  off.' 

460.  The  excision  of  the  leaf  usually  takes  place  at  the  base 
of  Ibe  petiole,  so  that  the  surface  of  the  sear  is  even  with  the 


'  "TliB  provinun  Tor  tlip  «'[>»ration  Ixing  onw  noiiiiilctp,  it  n<i[uirN  littl'- 
bt  eHect  it :  ■  dcsiin-alioti  of  an?  aide  of  the  traf-atolk,  1<y  miaing  an  nlTort  of 
tonion,  will  readily  brenk  ihraD);h  the  nnall  reriiniiit  uf  Ihw  tibrti-THwulKr  liiiu- 
illw  1  or  tLo  iuawuiwl  gii:c  of  tho  wmiing  ItaMiud  will  an«p  tl«rm  ;  or,  if  thuao 
iHiaiaa  arr  ni>t  iu  Dpemtion,  n  giiat  or  wind,  o  honvy  diower,  or  I'Vtai  tlir 
dRililn  wviglit  n{  tile  l^mjina,  will  bo  vTioiigli  to  disnijit  the  smnll  conDf^ona 
and  9PUil  IbH  nnlciJul  nii.-mlirr  ia  Its  ffrnvi-.  Surh  I*  tlin  history  nt  ifac  Tall  at 
the  taaf.  Wh  hnTx  ln>m\  that  It  in  not  itii  Bci'irli-nlsl  oocnrrenH',  uriKinK  irinit<ly 
fmn  thr  vitiaaitadm  of  tftnpcmtnre  anil  thr  Mkf,  bat  ■  regulor  uid  vitnl  pro- 
otM,  which  rammmii!^  with  Ih«  first  ri>niiHti>iii  of  tliti  organ,  and  ii  pi>ni|>linnl 
only  wb«n  that  U  tin  longBr  owfiil"  (Ur.  Itinuui,  in  HsufiKy's  Butaniinl 
Gunts,  Tol.  L  p.  61). 
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Hurfaco  of  the  stem  ;  hut  it  may  occur  a  little  higher  up,  so  that 
Hoiiu*  of  tho  iK'tiolo  reniaiu$  attachix)  to  the  stem^  (Rubus, 
Oxttlirt,  I'll'.). 

4iil.  Kvoiyivon  loavis  are  those  wliich  reouun  upon  the  stem 
without  iiiiu'h  Hpimri'iU  change  during  at  least  one  period  of 
8iis)K'nsii)ii  of  vi'gotiition.  Tho  Waves  of  some  evei^reens  per- 
sist tlu'iuigh  only  i>no  year,  lalliug  off  as  soon  as  those  of  the 
HiH'tvtHUiig  yoar  have  fully  extended.  It  is  not  unusual  in  warm 
teui|H*ruti'  i'liuinti's  to  have  tnvs  and  shrubs  which  are  normally' 
deciduous  in  i^oltior  ix^gious  reUiiu  their  leaves  until  new  ones 
an*  prixhRvil. 

Piner*  and  spnitvs  lose  si>u)e  of  their  oldest  leaves  eTery  year, 
but  ui*w  ones  aiv  as  i\»gularly  forimnl.  Their  branches  are  never 
eou)pli*ti'l\  lU'titliatttK  but  may  Ivar  at  one  time  the  leaves  which 
have  Invn  fornusl  during  sevcnd  years. 

AiV2.  The  in>U>rs  assunuHl  bv  leaves  l^fore  thev  fall  can  be 
better  examlm^l  atU'i*  the  snbjivt  of  tlie  pigment  of  chloroph\il- 
granules  ha>  Ih^mi  treati'il  in  Part  II. 

403.  The  ri\)nds  of  ferns  an*l  the  leaves  of  their  allies  present 
few  |x'euliarities,  and  do  not  ntHxl  to  Iv  here  examined.  The 
formation  in  ferns  of  the  .«»ri\  or  six^re-ilots,  the  sporangia^  or 
K|Kire-ea?»es,  and  the  sports  themselves  falls  pro|ieriy  within  the 
pnnince  of  Volume  III. 

401.  The  leaves  of  mosses  are  charaelerized  by  great  sim- 
plicity of  hlruelun*.  For  their  study  any  of  the  species  of  P0I3- 
trielnmj.  or  Ilair-eap  Moss,  will  answer  In  these  there  is  no 
tnie  in»ro-vaseular  bundle;  a  series  of  somewhat  elongated  and 
ralh^T  firm  cells,  known  :u4  the  ivudueting  thread,  takes  its  place. 
V\it>\\  this  conducting  thread  the  ^kareuehy ma  cells  are  distributed 
more  or  lc«*s  ntnilarly,  on  one  side  forming  slender  elevations 
Upwt  or  five  evils  in  height.  The  evils  contain  chlorophyll,  and 
gen«ral]y  hum  li  ^lanh.* 

4»*.'*.  In  tlic  Ihallophytes  there  is  no  clear  distinction  of  leaf 
an«l  axi-» :  the  lisr^ue  consists  throughout  of  jvarenchyma  more  or 
h"»s  nHKlifuHl.  In  s^jme  algie  then*  is  often  a  lateral  parting  of 
the  IVonil  into  M»gnienls  nsembling  leaves;  but  as  they  are  not 
li'avc-i  iijorph<ilogi<;ally,  they  neeil  no  further  consideration  hen*. 


1  V"\  fill  ;mi«1  int- :v<>*.;rj^  a''f.»urir>  of  thv  ohanp'S  wliich  cause  thv  fall  ot 
tli«'  I'-al,  -<*•■  Mohr-»  iiei{i»-r  in  FV/t-iti.  Z^it'iiii;.  ISO",  |».  1,  and  also  Van  Tiegheui 
and  ^Hiii'iMt"!  in  B'lll.  S---.  '-.i.  ■!.•  Fi-.in«"**,  \>>'L 

'  III  ."^'ii-li'ir;^'  r'-»  li-i'-irjivht-  iV.u'ti'.iim,  |i.  3'»4,  tho  stiiiloiit  will  find  a 
full  aii'l  iiiUn-tin;(  .n'otint  of  ihr  stru'.lur-  uf  the  leaves  of  Polytrichuoi  ami 
.Mnitiiii. 


W0KIC3  OF  KEFERHNCK.  165 

In  the  examioation  or  the  tissues  of  the  organs  of  vegetation 
the  atudent  is  referred  to  the  fijUowing  works  :  — 

De  Raky.  VCTKleichende  Anntomie  (Leipzig,  1B77}.  An  ootiiTO  vulume 
nf  aliont  SAO  pages,  of  wtiicli  in  exci'tleiit  English  tiniislutioii  is  iivwly  piib- 
!Uh«d  imdor  the  title,  "ConipBnitive  Anntoiny  of  the  Vfget«tive  Oigsns  of 
PhanerogBms  and  FernB,"  hy  A.  Dr  B«rj.  Translnted  by  F.  O.  Bowit  ami 
D.  H.  Scott,  1884.  This  exhaiutive  traatiae  gives  all  Qe«dfu1  referuuues  Ut 
the  lileniture  of  the  sabject  up  to  1870. 

HoHi..  Verniisohte  Suhriftuu.  Thia  i»  a  coUovtioa  of  Hugo  von  Holifs 
moat  Ini]"ortaut  works,  whioh  have  appeand  from  time  to  time  in  vwioua 
jauniola. 

Strasrurqbh.  Das  bolauL'^rhe  Prauticuin  (Jeiia,  1881).  This  work,  of 
vhich  au  English  traiisliition  is  piomlsi^il,  io  of  very  great  usu  both  to  beginners 
uiil  arlrejiced  students  of  UiHtniof^.  The  ilirections  fur  procuring.  prKwrving, 
ojid  using  material  are  explicit,  and  for  the  most  part  ue  convcnii^ntly  ar- 
ruigod.  The  volume,  of  riiure  thaji  600  ]«ges,  i»  diviilMl  into  eepantn  atndiea, 
nioh  w  tho  atmeture  of  the  bant  nod  wuoJ  of  the  piue,  the  anntoiny  of  a  few 
comnion  IravBH.  etc. 

Ot-IVKK.  Bibliography  of  tho  Stettii  of  Dieotyledonti  (Natural  History  R«- 
virv,  1862  and  1863).  A  citation  of  tho  more  iniporunt  works  on  the  atcnii. 
of  liiffvt^nt  dicotjicdoos,  srmnged  according  to  thu  natnml  buiilivs. 

for  a  treatment  of  the  anatomy  of  the  organs  of  uijUDtics  and  pnruitcs,  the 
fully  illustrated  work  of  Chatin  may  be  consnltud. 

Those  curious  to  examine  tho  diveme  and  now  mostly  almndoned  views 
i^arding  the  growth  and  structure  of  the  «t«m,  will  fini!  much  of  interest  in 
the  works  of  Dii  Petit  Thonara  and  of  Gaudichaiid.  An  nccouut  of  lho»  and 
other  views  will  be  found  in  Schleideu's  "  Principle*  of  Botany"  (18*9). 


t'HAPTER  IV. 


MINUTE    STItrCTDllB     AND     DEVELOPMENT    OF    THE 

FLOWER,    FllDIT,    AKD    SEED. 


THE   FLOWKH. 

4f>li.  In  Volume  I.  Chapter  VI.,  it  has  lieen  shown  tbat  a 
flower  is  to  be  rugarded  iis  a  moclifled  branch  with  vori*  short 
iiitemodcs  aod  with  the  foliar  expansions  assnming  forms  unlike 
those  of  onlinary  leaves.  In  the  outer  circle  —  the  calvx  —  the 
parta  Lave  frequently  the  texture  and  color  of  foliagL' ;  but  in  all 
the  other  ciwles  of  llie  flower  they  are  notably  mctutuorp hosed. 
Notwithstanding  their  dieguiaes,  the  parts  of  the  flower  are  iden- 
tiHablo  as  leafy  striictuivs  arranged  U|k>ii  an  axis.  On  tlie  care- 
ful esaininatiou  of  tlower-buds  the  homology  betweeu  all  their 
parts  and  those  of  a  kaf-bud  becomes  evident.  lu  fact,  in  their 
earliest  state  it  is  impossible  to  diacrimiiiati'  hetwt'cn  these  two 
kinds  of  buds.  Each  has  a  rounded  or  cone-like  extremity, 
mjon  which  are  rtisiMsed  at  definite  points  the  papillie  whicli  are 
to  develop  into  foliar  organs.  In  one.  tliese  papillie  l«eome 
green  leaves ;   in  the  other,  the  parts  of  a  flower. 

467.  Two  features  in  the  development  of  flowers  require 
special  attention  :  namely,  the  sequence  in  wliieh  the  ot^ans  are 
produced,  and  the  order  in  which  the  hiBtol<^cal  elements  make 
their  apj>earanee.  But  it  is  uot  welt  in  any  given  case  to  under- 
take the  examination  of  the  development  eittier  of  the  organs  or 
(if  Uie  tissues  which  compose  thorn,  until  the  student  liiis  made 
liimself  familiar  with  the  characters  of  the  full-grown  flower. 

46rt.  Undeveloped  racemes  afford  the  best  material  for  the 
Btud.v  of  the  developing  oi^ans  of  the  flower,  and  it  is  gi'iierally 
possible  to  And  in  a  siugle  young  eluater  dowers  in  all  tlie  earlier 
fttagcs  of  development.  There  arc  two  goo>l  methods  of  pre- 
paring the  material  for  the  compound  micr(jseoi>e  r  (IJ  the  whole 
raceme,  first  <Ie<!olori/cd  by  absolute  alcohol  and  Uieii  aoru.'nctl 
by  glycerin,  is  to  be  dissected  under  a  simple  lens,  and  the  sepa- 
rate flowers  are  to  be  bleueheil  with  aodic  In  iKjchlurilc ;  or  (2)  the 
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very  tip  of  the  ractme  is  to  la-  cut  squarely  ui'rosu  aiui  plat-wl 

witli  u  <liii|)  of  WBU^r  iiikIit  a  ifuvor  glass,  wlii'ii  eoiuc  o['  tliu  ,vouiis- 

ost  flowi'1-B  uati  Ik^  seen  eitlier  shiudiiig  vintically  ur  slightly  iu- 

dineil.  Tlteaircaiibedi'awn  ^^Hlk__^^^ 

out  frnm  titc  s|)ceim(.-ii  liy 

placing  tlie  slide  for  a  niin- 

iite  under  tlie  air-|iiim|j ;  tbc 

oulliTiira  of  the  floral  orgaus   , 

will  then  ho  distinct. 
409.  AHtilltwtterraetlKMl 

is  to  niiikd  tolerably  thick 

vertical  sections  of  separate 

flowers,   one   of  which   in 

each  dower  must  be  through 

the  median  line  ;  anil  then,  i^ 

arranging  the  aeeliims  '   in 

their  pro[>er  seijuenee,  duar  tlii'in  for  esamiualion  i-ithcr  l>v  the 
;  hydrato  (as  directed  in  24),  or  lij  the  following 
method,  recommended  by  Stras- 
Ijurger  as  applicable  to  many  cases 
nt  tliick  musses  of  sott  tissues : 
Treat  tlie  part  first  with  absolute 
alcohol  for  a  ilaj'  or  two,  and  then 
place  it  in  conctintrate<l  carbolic 
aeid,  after  which  it  becomes  clear. 
For  the  carbolic  acid  either  of  the 
ISO  following  may  be  substitntetl, — 

(1)  three  parta  of  oil  of  turpen- 
tine and  one  part  of  ci-eosote,  or  (2)  equal  parts  of  alcohol  and 

creosote. 
liy  any  one  of  these  roetliods  it  is  generally  possible  to  obtain 

preparations  of  sulllcient  clearness  to  exhibit  in  opdcal  section 

all  the  internal  tissues. 


i  of  potaa 


'  VtvSei  ndTises  itut  the  young  Dowers  sLouM  fint  ba  tinged  witli  •niliii 
blue,  mmA  thi^n  imbitldMl  in  u  strong  soluliori  of  Kiiiu-arH>iii:  (lo  nliich  a  llltk 
glyDeiin  bu  U«a  vlded  to  [imvont  britlknei^  of  tbc  moM  ou  drying).  TLkd, 
when  lb«  ^uiu  in  dry,  «-utinna  can  tie  Msjiy  riil  in  itny  direction. 

Pwt.  138.  L^muthiii  qaadilfolla  Flnwsr  *»»  [ram  the  it,!*,  uul  KHiicvlial  al>- 
Uqaidy.  tbo  aljx  lieiii(  reniuTVl.  Al  Ililt  |nriod  tb«  lAita  oT  (he  onrnlln  hitTa  Dot 
MialcHed:  *p.  pt>«  where  tlH  pHdml  ifiiiila  vcn-i  />,  peluli  il,  •buuMi.    IPfbObr.) 

Fl».  I2e.    Littdniiichlii  igoiulrtftilU.    TlUn  longiiailln*]  noeilon  Uirnaeli  tiM  mBU*- 


otlyx,. 


,    ,  ^  relipglnnlng 

ill  u  bcfbrs  ill  tabs,  cel|.dlvlaluu  liu  U 


BsBirs  thu  (tnnw*  nT  tli 


i(;8 
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470.  TIk'  liilly  erowii  Aowlt  of  Ly^iiaiacbm  ijiiadrifulifl  is  thus 
cliarat^terizeil :  Calyx  liviK^noiis,  dceplv  y-|iart«l,  Uie  IoImjs 
vulviite  or  vrrj-  slighllj*  imhric-atod  in  llio  biul :  <^Drolla  Uy|xigy- 
notis.  wheel- shaped,  and  tlt-oiily  5-purted  with  hardly  anj  lube, 
its  lobos  cunvolute  in  the  liuil ;  no  tt-'ctti  lictween  tlio  lobes  of  the 
c^^rolla ;  lobes  Ot  the  corolla  longer  than  tlic  narrow  lanceolate 
lobes  of  the  calyx  ;  stamens  of  unequal  length,  plainly  united  at 
th«  base,  inserted  optiosite  the  lobes  of  the  corolla,  glandular; 
nnthers  barelj'  oblong:  ovary  one-celled,  anrmounled  hy  an  on- 
divided  styli-  and  stigma,  aiid  containing  10-15  ovules  on  a 
central  placenta. 


Fig.  1"2(1  sliows  the  ap|>earance  of 


VK^iswiysiiiJDirrf/' 


ery  yonng  (lower  of  this 
species;  on  the  rounded 
or  somewhat  flattened 
apex  of  the  axis  minute 
elevations  are  seen,  tlie 
outer  being  the  nascent 
aepaU.  Fig.  127  shows 
the  dower  in  a  more  ad- 
vanced stage.  Fig.  128 
representsaportiononly. 
the  right,  in  a  still  more 
advanced  condition. 
Fig.  129  exhibits  all  tlio 
oi^ns  of  the  flower,  so 
far  as  they  can  be  shown 


fia.  m.  LjilntchU  qnwlriftillk,  A  iDnglliiillniit  KUtlon  thmagli  nHn 
■bat  nxmi  utnncad  Ihui  111  Fig.  V»;  Ihe  Mien  nn  the  muds  »  [n  Fig.  ]«. 

Fin,  yj».  LynlRiachta  iioMiUiMU.  LnnRlIadlnal  MCtlon  throngb  nn  eloTW 
I*  conridornbly  wlnrwed  baTon'  tlw  «iiii«iu»ocb  nf  tbs  pcula:  it.  iUniBi 
irhw«  th»  petiil»  will  niipiutr.    (PfirffW-.) 

Pio  l».  Lyiitmilrbl*  qiuilrir»li»  A  l-mKlti>illnal«Mtl<m  IhrnUEbBfln*! 
•n  tbe  OTfMix  «re  well  "iHTrdipBiI,  unl  oven  lltn  |iiwt»  iif  tbs  riug  bj  whluh  t 
lii<Maitrstu<a«lMUb*vel>e(un  toRrm:  in.vlml:  p.  |>i>ta],orcnrt>ll».|abs:  i 
B.tmTS;  n.plMantiii  afi.  H.uHlfi  «,UieUiHiHi  oulUnt  IbaiautiofUieGBlT] 
nrnfecateij.    (Plkflbr.) 


in  Hbicb 
H,  eella 

invUcb 

! cnroUi- 

AUdoOTDlIft 


ORDKK   OF   APPEARANCE   UF   KI.ORAL  OBGANS. 

in  u  single  loiigitiiiliiiul  sci'tioii.  Cuui])urisoii  of  llicsu  li^iirt'a 
gives  a  dt^ur  iiltrti  or  tlio  seqiicuixi  in  whiuli  ttui  orgiitis  make 
their  ap|iearanct! ;  namelj',  in  aciv[>et»l  eiiuix^HHion,  —  tiiat  ia. 
Ibe  jounger  or  newer  are  always  ncareut  the  extremity. 

471.  Accoi'ding  to  Payer,  the  sepals  always  precede  tiie  petals, 
ilio  petals  the  stamens,  and  the  stamens  the  pistils,  in  time  o( 
npprarance.  But  in  a  few  cases,  of  wliidi  Lysimftcliia  is  ont;, 
it  niay  happen  that  a  given  circle  of  oigana  is  somewhat  dc- 
Inytnl  in  forming;  for  instance,  in  tlic  l^giires  the  stanii.'na  are 
seen  as  considerable  protuberances  iicfore  the  petaU  art;  elearly 
outlined.  This  ftict  has  been  considered  l>y  some  to  indicate 
that  the  corolla  in  sueh  eases  consists  of  nil  intercalated  whoi'l 
lictween  two  other  whorls  already  somewhat  devclm>ed.  But  a 
carcHd  examination  of  Lysimachia  and  most  other  cases  shows 


I 


rattier  that  the  petals  or  the  cnrolln-lobes  are  laiil  down  In  their 
projK-r  sequence,  but  thai  thi-y  are  temporarily  uutstript>ed  by 
the  sepals  and  the  stamens. 

The  appearance  of  the  forming  flower  when  seen  in  vertical 
section  is  shown  in  Fig.  ISO,  and  a  perspective  view  ia  given 
in  Fig.  1'^5,  exhibiting  the  late-appearing  petals  and  the  much 
larger  stamens. 

472.  Since  tlio  eevcral  organs  of  the  flower  are  mo<li)ieil 
leaves  symmetrically  arranged  on  an  axis,  the  histological  cod- 
Stiluents  of  a  leafy  branch  will  be  found  in  the  flower,  albeit 
much  modified  in  some  of  their  characters.  These  constituents 
are.  (1)  a  framework  of  Hbro-vaseular  tisene,  npon  which  ia 
extended  (2)  parenchyma,  covered  by  (3)  opidcrmii- 

Fia.  iX.  L>*lniuhla  qawlrilblU.  LoniltailltAt  wcilon  ilimagb  •  flovtr  In  oUlcli 
the  corollm  I*  ]nU  appHiiliie,    the  alr>rslli)n  on  Uio  light  han  btm  cot  tlTnagh  niHllr 

lnP)g.l39    ll>IMhr.> 
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il'i.  Tbi'  nbro-iuHTulHr  bDiidleiEi  of  thu  Uower  are  csaeiiUiillj- 
llie  saim;  iut  Hit;  l-uIIiiUtuI  liiiiiillts  ll'iiiid  in  (mlinar.v  gnt'ii 
It-avi's,  fM-riil  Uial  their  cliiiiK'iits  mv  nsiiallj'  iiioro  lU'licaU-  in 
tijxluiL',  iiLiil  iii  till-  iiiniT  wliurLs  nf  oi'giins  very  much  rcdiieert. 

471.  Tlif  piu-encbfDiB  wills  lor  no  sjMcial  remark  U'voml  allu- 
sion Lu  Uit;  I'uL-t  tliitt  Kumc  uiie  uf  the  iliO'civiit  kiiiils  uf  iuterniU 
gUnds  is  rreqiiontly  associated  with  it. 

475.  Tbc  epldprmlM  has  Klomata,  —  which  ai-e  genei-ully  rudi- 
inentarj'.^aDd  moat  or  the  forms  uf  trichoiii^s.  Oce  of  the  most 
interesting  peeuliaritii^B  of  structure  presented  by  ihe  parts  of 
the  flower  is  found  iu  the  paiiillur  outgrowths  alluded  to  in  222. 
These  arc  of  course  uiinule  and  short  hairs,  which,  owing  U> 
their  abundance,  impart  a  velvety  appearaiiue  to  the  purt  on 
whieh  they  ooc-iii'.  Tliis  npiwanince  is  well  shown  by  the  {lelnls 
of  a  very  hirge  number  of  the  flowere  moat  common  in  eultiva- 
lion. 

47ti.  The  eiilicie  of  the  cspidemiHl  cells  of  the  more  delieate 
]>etals  is  sometimes  verj'  distiuutly  striated  in  an  irregular  man- 
ner.    The  walls  of  the  eells  generally  have  a  sinuous  onlline. 

477.  The  colors  of  jietals  and  other  eoliired  jmrts  of  the 
flower  are  dependent  eitlier  on  the  presence  of  corpnseles 
(the  colored  plastids)  or  of  matters  disaolveil  in  the  cell-sap. 
The  following  iiccciunt  of  the  (.■ciloring-niatlci's  in  the  very  oom- 
mOD  Viola  tricolor  is  condensed  n'oin  Strasburger. 

A  vertical  section  through  a  petal  cshibils  the  epiderniia  of  the 
upiK-T  side  as  cunsisting  of  elongated  papillie,  while  Ihut  of  the 
lower  side  lias  only  slightly  roundctl  ones.  Just  below  the  epi- 
dermis of  the  upper  side  there  is  a  layer  of  compact  cells,  under 
which  are  several  rows  of  smuUer  eeils  with  conspicuous  inter- 
cellular spaces.  The  cells  of  the  epideimis  of  both  sides  contsin 
violet  sap  and  yellow  granules ;  the  layer  of  compact  cells  under 
the  epidermis  of  the  upper  side  contains  only  yellow  granules. 
The  striking  diversities  in  color  presented  by  ditfereut  pai-ts  of  R 
given  [)CtAl  de^tend  wholly  upon  combinations  of  these  two  ele- 
ments of  color ;  namely,  violet  sap  and  yellow  granules.  In 
some  places  which  arc  devoid  of  either  of  these  elements  tlierv 
are  white  B[>ots ;  at  these  places  the  light  is  refnicted  and  re- 
flected hy  the  intei'cellular  siwees  which  contain  air.  If  ihe  air 
is  removed  by  pressure,  the  spots  will  become  truu6|>ai'ent. 

478.  The  cell-sap  in  the  pHits  of  the  flower  may  have  almost 
any  color,  especially  shades  of  red  and  blue ;  from  this  sap  the 
coloring- ma  Her  sctmetimes  crysiailizea  in  tlie  form  of  short  and 
slender  needles  ;  fur  in.stance.  in  Delphinium  C'ons<ihdn. 


DKVETXtfMKST  OV   STAMENS. 


171 


479.  DeTplopraenI  of  the  gtaniens.  TLl-  IViIkiwirig  outline  may 
aerve  ns  un  iutrotUiL'tiuii  to  llii-  bLuiI^v  of 

the  ili^VL'lujjuit-Nt  of  the  stuiueiis.  Al 
first,  the  atamcii  cNisIa  as  a.  maes  or 
homogeneous  parench_\  niu  ;  latvr,  a  del- 
icate rnsoii-le.  continuous  with  one  in  the 
fHament,  beooinea  ililTcren tinted  in  one 
part orthestamon.tlic connective.  Four 
loiigitiuliiial  ri<lgca  appear  on  the  dd- 
thiT,  which  coinuiilc  with  foar  lines  of 
large  cells  within.  These  cells  give  rit*o 
to  the  mother-cells  or  the  poHi'ti  and  to 
the  very  delienle  pollen -sue. ' 

480.  The  Diotlier-cclls  of  tlie  pollen 
have  at  flrst  thin  walU.  luit  later  theiie 
Ixioome    irregularly'    tliii'kenod.      In   u 
lai^  numlier  of  cases  —  many  mono-  _ 
cotyledons,  and  most  if  not  all  dicoty- 

letlons  —  the  nucleuij  of  a  molhcr-eell  divides  into  two  nnclel, 
which  themselves  divide 
iit  right  angles  to  the 
plane  of  the  first  division. 
til  us  producing  four  miclei 
forming  a  tetrahedron. 
C'ell-wallsHre  next  formed, 
and  four  cells  are  pro- 
duced, which  are  called 
the  tetriui.  After  the 
mother-cells  of  the  pollen 
have  been  changed  Into 
tetrads,  the  mass  of  pro- 
toplnsm  in  each  of  the 
cells  of  a  tetrad  becomes 
covered,  aa  Stroaburger 
has  shown,  with   a  new 

1  The  i.-ells  uliich  tiinke  up  tho  Uyer  fomnng  tlio  pollpn-aty  bit  Vnown, 
collactively,  as  the  j4TcAe/ip(triam.  The  epitbeliiiin  which  lines  the  Tmllun-sac 
hu  beao  t«niied  Ihe  Tnpetum. 

Fid.  Ul.  OtrhlB nutenlnta.  A  |inllen.iiuHiln  itrwwnrrnlnrgeniFni.wltlilliotnlliar- 
wallaa  Uii>nutdtlr:  rp,  epIilFmili;  1,  layer  of  oil"  ntHltf  ihr  F|i('>rriiil'  remiiliilng  un- 
dlTld*d;l'u»1.V.  layDraBrMtgEfnmi<llvM<ni:y,  tlieriiiloiliertiira.  The  ltd l«  mu* 
am.  SiTmiiil  by  llie  nioUwr-celU.  In  ■urrouiHlail  by  >  Ihlrkennl  wnll.    >)'.    lOdlKnaril ) 

Fm.  132  A.  tTBtieienip  inttlnn  nf  K  frnig  anthar  nt  Menllm  diiimUc* :  B,  »  taanh 
UtMamteninira-,  r.»:tlin  thrani^  a  jnane  wilher  of  SvintJinnin  artanliileT  n.» 
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'•^'ll-HJilJ.  lii«'  \itn\n*r  ('«*ll-wall  of  tin*  |KiIl<'ii-graiuR.  This  wall 
i$iu\  h*'  \uii*/ii>\\  iii.'irk<><l.  KculpturiML  and  eutieulaiizcH],  ^ving 
iiKt-  Uj  the  ilmiiuU't'iHUi'  roriiiK  aiui  features  of  tlie  gniios  as 
U>/->  iiif  im'i  Milli  ill  lla*  mature  Hower.  In  g;\'tTinospeniis«  tlie 
't"V<'l</|/Mi''fj(  of  i>oll<'ii-;(raiitH  difU'rH  from  that  descTibed  in  same 
j^{iifi/'iiluM9  hIim'Ij  art*  interoHtiiig  cliicilv  from  their  resembUince 
ly/  Mjjiji  it*tiiih  in  I  lie  lii^lter  crviitoj^ariiK. 

i'ri,  'iUi'  Mliprtiia  in  a  Hurfwe  formed  of  peenliar  c^lls  whii-fa 
ihtrt^h'  u  vift'id,  nai'diariiie  matter,  slightl}'  acid  in  reaction.  In 
t^/ittA-  ru:>^4h  dii'  HiiUh  of  the  Hti^matic  eelln  undergo  the  rnueilagi- 
tf^/ti^  tit't^\ii\*tt\'unt  (SolaiHim,  etc.).  The  wide  differences  which 
4.j(i'i  nt  ili»  *  iMiiiK'Icr  of  tlie  eellH  of  the  stigma  are  illustrated  by 
li^  i'/i\ftvt\it'g/  *  xamph'H:  (1 )  eells  with  no  marked  papillae,  as  in 
i  hth*iiiU'nt'  ;  ('/)  |Mi|)inoHe,  as  in  Salvia,  (*onvolvulus,  S|»inea; 
'^'/y  Imil)  •  «--»  ill  II.MH'ririim,  (ieranium  ;  (4)  with  eom(>ound  hairs, 
uj:  in  Hi'bi'iUi.  Ill  home  of  th(*  above  tlie  eells  are  rather  looselv 
i^i^h  i/iili-d.  HJiili*  ill  othei'H  they  un;  mueh  more  compactly  com- 
ifih*'i  Hi  l<m  till'  htii^ma  the  Htvle  often  has  collecting  hairs,  as 
ih  '  oifi|/o>ilii'.  ( 'inii|iiiniihieeie,  <'te.  (nee  Volume  I.  page  222). 

ii^'J.  I  hi-  tf\)  li'  iri  a  prt)h)tigtition  of  the  ovary,  and  shares  with 
it  il.N  fiiM  ii  iilai  b^nliMii.  Ill  the  interior  there  is  a  slender  thread 
of  |i)i;^i'  iii^Mw  iiiiiih'  Up  of  thin-wallt*d  eellH  containing  consider- 
ai/if  I'l/oij mall  riiil,  hliirrh  tir  oil,  (*te.  The  ecll-walls  oden  pass 
iiiio  lilt-  mill  il.-iiiiiioiiri  tuiiditioii.  The  style  is  scmietimes  tubular, 
aiiii  hiiiii  vviih  lli>-  liMMii'Just  d(*Heribed. 

■I^.■J.  'J  hf  .siiii|il»t  uMHN  Im  a  intMlilled  leaf-blade  provided  with 
4*pidtrijji>.  part'iiiiiMiia.  ami  a  fuNeicular  s\stem.  The  epidermis 
of  the  olll^i•ll'  ol  iIh*  usai'N ,  iui«l  that  which  lines  its  cavit}',  may 
iiavtr  nil  ihc  cliaiarft  iri  «»!'  nnlinan  epidermis:  stomata  and  hairs 
may  In*  proi-iil.  tin*  liiller  ohiMi  bein«x  meiv  papilhe,  which  upon 
till*  ripi-niii^!  of  Hm'  uvary  into  the  fruit  become  long  hairs. 

•iHl.  Ill  the  iiiffiior  i»r  tlu*  \\\\\\'\  Ihrre  is  frequently  a  imjcuI- 
iar  iiioililltaliiiii.  cilhcr  of  tlu*  epidiMinis  itself  or  of  the  sub- 
jart'iil  pareiirliMiiM  as  well.  Ill  mik'Ii  eases  very  loose  tissue, 
soinrliiiM'M  a|ipfariii)^  as  If  composed  of  felted  hairs,  lines  the 
<'avity  of  llie  iimun  (or  is  found  at  soiiu»  one  portion  of  it).  The 
walls  of  I  his  ti'^hUi^  may  uiidt>r'>()  the  iiiU(*ilai;inous  modification 
either  in  whole  or  in  part.  Its  ivlls  ei>ntain  n  considerable 
ainouiit  i»r  food-nialerials  (oil  and  stareh\  This  loose  tissue, 
touclher  \silh  Ilia!  i»f  the  Name  «'haraeter  found  in  the  style,  is 
known  as  eoiiduetlve  li>sne,  and  serves  as  a  path  t>f  least  resist- 
RiU'e  for  the  peiietratiii*«:  pi>llen-tulH*  (^see  Tart  ll.V 

4Hr>.    Tln»  distribution  of  tla*  libro-vaseular  bundU's  in  ovaries 
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1.1  of  iiiitdi  iiJt<>reHt,  ami  emi  licHt  Ix?  cxaniiiieil  under  the  two 
beads  of  '■  ISiuiple  Pistils  "  ami  "  Cuio|jouiiil  I'istila." 

486,  Simple  PIsHIh.  The  libro-vusculnr  biiiKlie  c-oiislsts  of 
wood  and  lilwr  ruuuiiig  through  thf  medinn  line  of  tliu  carpellary 
leaf,  —  that  is,  Ibrongti  the  dorsul  suture.  Two  braiichoB  are 
given  off  bv  this  buudic  not  far  frrjrn  the  Imse  of  the  leaf,  near 
Its  two  unitoil  iiiurgiiis,  — that  ie.  at  the  venlral  suture. 

4S7.  The  foldeil  onrpellarv  leaf  has  iiieiirved  nmrgiiis ;  so  that 
whatever  the  arraugeitieut  of  the  wood  and  liber  luu.v  be  in  the 
uiediitn  line  of  the  leaf,  the  reverse  will  Im>  found  at  the  mai^ins. 
Thus  in  eaeh  of  the  three  oarpela  shown  in  Fig.  \:i3  a,  llie  fihixi- 


VRscular  bundle  runnin<;  through  the  doi'sid  suture  has  liber  on  its 
outside  (the  unshaded  portion)  and  wood  on  its  Inside  (the  dark 
portion).  Bnt  Id  uaeh  of  its  braiiehcs  at  or  near  the  ventral 
suture  liber  oecurn  on  the  inside  (that  is,  neareHt  the  centre  of 
the  flower)  aud  wood  on  the  outside. 

4HR.  roin]H>nn<l  PistUs.  If  sevrral  carpels  unite  to  form  a 
coinpouni]  ovarv.  the  same  inversion  of  the  order  of  the  parts  of 
tlitt  bundles  (as  shown  in  Fig.  1S3  a)  will  l>e  seen  when  the 
biiudles  St  the  centre  of  such  an  ovary  are  eoiniian-d  witJi  those 
at  its  iieripheri'  (see  diagrnms  /'  toy.  Fig.  133). 


Fia.  133.    Tnniiane  »mnn  et  ■n|<or1'n'  nrarlm.  nl 
tlbru-tucular  buiulica  of  curpal*:  ".  Entntlili  h]r«uii 
r.  Tullpa  C,  ...... 

<Vmn  Tleghem.) 
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480.  Itut  if  tlic  ovnrics,  insU'ad  of  licing  superior,  ns  tlioep  id 
Fig.  133.  «ri'  inferior,  as  Uioae  in  Fig.  134,  ftirilicr  vom|»ln-alioDs 
an!  uiiiM<-<l.  Tiie  tibru-vaBciiIar  Iniiiilles  of  tliu  sevoral  Rural 
wborls  uiiiUid  with  the  pistil  are  distrilxitecl  in  drcles  in  tlie 
pareneh.vma  tissue  of  the  ovar_v.  Tlins  in  Fig.  134  n,  we  Sud 
five  sueh  cireles,  eorn>s))0 tiding  to  the  calyx,  corolla,  stamens, 
and  diiraal  and  vciilral  sutures  of  the  caqjel.  The  liundlcs  in 
Fig.  134  a  are  aiTangod  in  radial  lines  from  the  centre  outwards  ; 
Ibti  Mix  bundles  nearest  the  centre  of  the  ovarj'  arc  tiiose  of  the 
ventral  sutures,  and  have  wcxkI  outaide  and  lilier  inside ;  in  the 
next  eireic  the  three  with  reverse  arrangement  of  elements  are 
those  of  the  dorsal  sutures  fmtn  which  the  bundles  jnst  s|)oken 
of  branched.  In  Fig.  134  b.  idt  tlie  flbro- vascular  bundles  save 
those  of  tlie  carpels 
are  united  to  form  a 
single  circle,  thus  giv- 
ing rise  to  the  three 
eirdcs  of  bundles 
seen  in  the  cross- 
section,   and    at   the 


of    tlie 


vary 


even  tliese  did  not. 
exist  separate.  In 
Fig.  134  c.  the  bun- 
dles of  all  the  floral 
whorls  ai-e  blended 
for  a  considerable 
height  Id  tlie  ovarj" ; 
finally,  the  huudlea 
of  the  ventral  snturca 
become  seiiarated 
from  the  rest,  which 
continue  united 
throughout,  forming 
the  lai^c  biuiillcs  seen  on  the  i>eriphery  of  the  ovary  in  Fig. 
I.M  c.  The  arrangement  of  ilie  bundles  in  this  figure  should  lie 
compared  with  that  in  Fig.  133. 

490.    The  atnicture  of  tlie  peduncle  and  the  jwdicels  is  sub- 
stantially the  same    as  that  of  the  stem,  and  the  structure  of 


riir7.>1iOHine  t1<e  nrniij[enignl  nr  Bbra- 
itenial  parUnr  the  flowir:  «.  AlaUtB- 
I'leierulont;  A.  Onluilliiu  ninJli,  Iht 


TUculw  bunitlM  1>n(li  In  Uia  carpala  m 
marlB  Tonlonlnr,  ttis  flurloUn  of  the  w 
hwfcia  na  lunger  aa  illitliicllT  taiIIhI; 
whorti  blooded.    (Vnn  Tlagliem.) 
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e  bractn  is  much  like  Uial  of  the  lent;  ibcrcrore  these  need  not 
ho  8|>eoiftll.v  considered  bene. 

4111.  Ovules  are  iioi'mally  forroeil  at  definite  poiiita  or  lines 
upon  the  ovarian  noli,  nliicli  answer  to  the  edgee  of  the  eurpel- 
lary  leaves.  The  fliniculus  arises  as  a  slight  c^levatiou  produced 
by  the  multiplication  of  a  cell  or  a  group  of  tells  under  the 
epidermis;  io  the  centre  of  this  elevalioii,  and  also  under  the 
epidermis,  further  development  produces  a  spheroidal  or  cone- 
like mass,  —  the  nucleus.  Then,  a  little  later,  celts  at  the  Imse 
of  the  nucleuH  l)egiu  to  produce  a  ejUuder  (the  inner  intt^- 
ment),  and  shortly  after,  a  second  one  is  formed  below  and 
outside  this  (the  outer  integument).  Subse  |  nl  I  elo]  ment 
curries  the  outer  integument  quite  up  and  urou  d  the  ner  one, 
and  the  nucleus;  leaving  a  small  opening  (tie  forancD)  For 
peculiarities  in  the  morphologj'  of  the  ovul  and  for  Laaea  in 
which  one  ur  both  integuments  may  tx:  wai  t  ug  see  \  olume  I. 
page  278. 

i'J2.  The  funiculus  has  a  collateral  fibro-vaseular  bundle, 
having  its  median  plane  coineidenl  with  that  of  the  ovule.    The 


bundle  is  surrounded  by  parenchyma  and  epidermis, 
quently  prolonged  into  the  integuments,  being  there  n 


It  IS  (Ve- 


nn. idB.    Uevd 


nTDle  ur  AriKbiloehia  CIvusIOIb.  A,  rcmns  mi 
vuicod;  ri,  liilctnsl  Integonienl  Ibrrufagi  (;■ 
manti  Ir.  eiienml  ininennifiit  furmlii|{;  D  m 
bnllnPuIII.    |Wuulti(.) 
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THE   FRUIT. 

493.  The  fruit  is  the  ri|>onecl  pistil.  But,  as  shown  in  Vol- 
ume I.,  ^*  it  is  a  loose  and  multifarious  term,  applicable  alike  to 
a  matured  ovary,  to  a  cluster  of  such  ovaries,  at  least  when 
somewhat  coherent,  to  a  ri[)eueil  ovary  with  calyx  and  other 
floral  parts  adnate  to  it,  and  even  to  a  ri|>ened  inflorescence  when 
the  parts  are  consolidated  or  compacte<l." 

494.  Histologically  considered,  fruits  present  few  difficulties, 
although  the  changes  in  form  which  a  (jjstil  underg(K*s  as  it  ripens 
are  not  greater  than  the  changes  which  it  may  suffer  in  minute 
structure.  These  histological  changes  are  referable  to  a  few 
simple  kinds  :  (1 )  a  great  development  of  sclerotic  elements,  seen 
in  the  hanler  dry- fruits  and  in  the  putamen  of  all  stone-fruits ; 
(2)  a  lai-ge  increase  in  the  amount  of  soft-walled  parenchyma, 
containing  sap,  as  in  the  pulp  of  all  fleshy  fruits ;  (3)  a  c*onsid- 
erable  development  of  color,  especially  in  the  superficial  parts. 

495.  Sections  to  exhibit  the  structure  of  the  very  hard  parts 
of  fruits  are  made  most  easily  b}'  caivfully  gnnding  the  parts 
on  a  fine  oil-stone.  First,  a  fragment  of  the  hanl  sliell  of  a  nut 
or  of  the  putamen  of  a  drupe  is  obtained  by  means  of  an}'  strong 
cutting  instrument,  and  a  flat  surface  parallel  to  the  plane  of 
the  section  desired  made  by  a  clean  file.  On  a  glass  slide  a 
drop  of  C'anada  balsam  is  placed,  and  heated  until  the  more 
volatile  i>ortion  is  expelled  (see  111).  Then  the  flat  side  of  the 
object  just  prepared  is  held  u|>on  this  balsam  until  the  latter 
becomes  cool  and  hanl ;  and  when  thus  securely  fastened,  the 
specimen  is  rubbed  down  on  an  oil-stone  to  any  required  de- 
gree of  thinness.  It  is  removable  from  the  slide  by  oil  of 
turpentine,  and  can  afterwards  be  mounted  in  a  fresh  i)ortion  of 
balsam  or  of  benzol- balsam  (see  112). 

490.  The  contents  of  the  parenchyma  cells  of  fruits  dei>end 
very  largely  on  the  degree  of  maturity  of  the  fruit.  Changes  in 
the  contents  go  on  from  the  formation  of  the  fruit  until  it  is  fully 
rii>e.  In  some  of  the  mf)re  connnon  cases  these  consist  largely 
in  the  production  of  various  sugars,  especiall}'  that  which  is 
known  as  fruit-sugar;  and  organic  acids,  for  instance,  citric, 
tartaric,  and  maru;  acids.  A  consideration  of  these  changes 
belongs  to  Part  II. 

497.  The  colonng-mnttcMs  in  fruits,  like  those  in  flowers,  are 
either  color-corpuscles  (chronioi)lasti(ls),  or  substances  dissolved 
in  the  cell-sai).  In  a  few  cases  the  walls  of  the  cells  them- 
selves have  more  or  less  color. 


COLORING-MATTEK-S    (IF    riUUTS. 

4Utt.  The  berries  ota  t'ommon  liou3c-|iltuit,  Sulunuiu  Pucmlu- 
capeicuTii.  (lirnish  pKccltciit  maUtrial  for  the  (snini nation  of  the 
coioriiig-mnttera  of  (i-uitB.  Tlie  (ulluwing  luxMjuiit,  cuiiileiised 
(W)iii  Kraus,'  will  show  the  easeutiul  ebaraLtors  ol'  Uiu  eolor- 
l^nuks  in  Ihis  vase,  and  it  should  he  compared  wiUi  what  lias 
lii'on  already  anid  about  tliu  atruuture  uf  i-liloi'0|)ti} II  granules 
and  leneoiiliistids  (IC4  e(  icq.),  os  well  us  with  tiic  at^i.'uuiil  of 
the  dii-uuioplasUds  iu  the  parts  of  flowers  (4TTj. 

A  sectiui)  through  tliu  ripe  jwrit^arp  bIiows  that  it  consists  of 
twenty  t«  thirty  or  more  layers  of  («lls,  in  most  uf  whieb  eolor- 
gntnulca  oeciir.  Iu  the  outennoat  cells  the  granules  elosely 
resemble  Itoth  iu  form  and  Htruuture  ordinary  grituult/s  of  ehloro- 
phyll.  In  some  of  tliu  granules  Ihe  eolo ring- matter  is  evenly 
diffused  through  the  whole  mass,  while  iu  others  it  is  fonfincd 
to  some  one  part,  the  rest  of  the  granule  r^iuiiining  without  eolor 
of  any  kind.  In  these  easi^s  the  coloi-ed  and  the  uncolored  parts 
nro  not  ver\  shaqdy  divided  from  cueh  other. 

499.  Other  granules  less  like  ehloropliyll-grauules  ot-cur,  in 
whieb  there  is  a  shar|i  dcmareation  between  the  eolored  auit 
uncolored  jiarts :  such  have  been  shown  to  be  vacuolar,  the 
vacuoles  assuming  widely  ditfc^rent  shapes.  These  are  abunilaut 
ill  Uie  cells  which  lie  five  to  eight  layers,  or  rather  more,  tivm 
the  outside. 

In  some  of  these  the  colored  portion  appears  Bpludle-form  or 
sickle-form,  in  othei-s  curved  twiw,  like  the  letter  S.  It  fre- 
quently happens  that  several  of  these  long  granules  are  pUced 
end  to  end.  forming  au  irregular  chain. 

50(1.  hi  the  pint  of  the  berry  which  envelops  the  seeds  the 
color-granules  are  extremely  sleiidei-,  and  needle- sliaited.*  AU 
of  the  granules  lie  in  tlie  protoplasm;  Dsually  in  grealest 
number  in  that  lining  the  walls,  and  immediately  around  the 
niirleus. 

501.  Occasionally  in  the  lai^er  |X!ri carp-cells  ronndish  <»I- 
oKil  iitijeets  arc  met  with,  wliicb  close  examination  shows  m-e 
nothin'^  Init  vacuoles  in  the  protophism  of  the  eell  filled  with 
colored  sap;  sometimes  these  have  been  mistaken  for  the 
gTHiinlcs  themselves,  but  they  nan  usually  be  distingnishe<l  from 
them  without  difltculty.  on  account  of  the  distortion  which  they 
nnderyi'i  nina  slight  pressmv. 


'  Rtsns-  Pringslirim'*  Jnlirli,.  IS73.  \>.\S\. 

*Tmral:  A.ili.<l™Sr.  H«..ii.li'.  (.  UmiPi.  1858.  |i,  15t.    We[9*:  SlW.  cL  k. 
Akad.  WIen.  ISBt  (Binil  1  ),  an<l  ISU  (Band  lir.) 
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THE  SEED. 

502.  Tilt'  riiieiipi!  oviili-  is  the  seed.  In  rijMrmng.  the  ovule 
undei^uvH  L-liaii^s  in  llie  itLructure  both  of  tim  integumciit.t  and 
tile  nnclctiti.  The  intpguincnta  of  tlie  seed  aii3wi>i-  moriiliologi- 
rally  to  the  [irimine  and  soiundine  of  the  ovule  ;  the  outer  being 
the  t4:aLa,  or  BCMl-siiell.  —  also  railed  spuvuiuderm  or  Pi>is|>crni. 
—  tile  inner  tbe  legmen,  or  vudopleuni.  The  nucleus  of  tlie 
sewi  also  answfrs  to  the  nucleus  of  tlie  ovule.  Tlie  niorpho- 
Ic^eal  relutioiiB  of  the  ditfcri'tit  partf<  of  the  seed  have  l>eeii 
snlHeientlv  treat«-(l  in  the  liret  volriine,  ■■Stnietural  Botany,"  and 
therefore  only  the  histological  features  will  now  be  |in:sent«d. 

503.  Considered  as  a  whole,  the  testa  varies  greatly  in  con- 
sistence ;  it  is  in  some  cases  as  dense  as  any  selerotio  tissue, 
while  ill  others  it  is  pulpy,  and  in  othei-s  stjll,  meinhraoaceous. 
But  it  is  usually  divisilile  under  the  mirroacope  iuto  two  or  more 
layers,  which  are  not  constant  in  their  characters. 

504.  The  urdinui^-  layers  met  with  in  the  seeds  of  most 
Mgrieultiual  plauts  have  l>een  described  Ity  Nolilw '  in  the  follow- 
ing terms :  1 .  The  lianl  layer,  coinixised  generally  of  palisade 
or  stalMike  cells  of  ooDsideraUe  firmness.  In  Legiiminosee  it 
is  the  external  layer,  and  its  exposed  surface  is  cuticularized. 
Jn  Itns  and  sj)ecie.4  uf  Itrasslen.  it  is  the  second,  in  cabbage 
and  mustard,  tho  ihii-d  layer.  In  a  few  c^ses  the  cells  of  this 
layer  are  tabular  inslead  of  stalT-shaped.  2.  The  mucilaginous 
layer,  not  present  in  all  the  common  ogrii-ultnral  seeds,  is  com- 
posed of  cells  whose  walla  have  the  (lower  of  swelling  greatly 
when  tli<-y  are  placed  in  water.  This  layer  is  sometimes  fonnd 
in  the  outer  part  of  the  testa,  eometimes  in  ihe  inner.  3.  The 
pigment  layer,  whicli  imparts  characteristic  colors  to  the  coats  of 
the  seeds  of  many  plants,  is  not  constant  in  the  form  of  the  cells. 
The  color  may  reside  in  the  cell-wall,  or  in  the  dried  contents  of 
the  ceil.  Sometlmea  n  few  pigment-cells  are  scattered  among 
others  of  a  neutral  lint,  and  cvoii  among  those  which  cannot  be 
said  to  have  any  proper  color  at  all.  In  some  cases  one  of  the 
other  layers  may  contain  more  or  less  color.  In  a  few  other 
instances  the  color  is  not  dependent  on  a  pigment  layer:  for,  aa 
Frank '  lias  shown,  in  the  sl«el-l>lue  seeds  of  species  of  Pwonia 
tlic  color  in  purely  a  result  of  reflected  light,  and  is  in  no  wise 
due  to  the  presence  of  any  true  coloring-matter.  The  dried 
ficeda  are  dark  rwl  or  dark  brown ;  but  wben  thoroughly  moisl- 


>  Haiidbiivli  ilifr  SBiueiikuude,  |i.  7 


'  Botuiische  Zeituug,  1867. 


r 


encd  with  water  (or  belter  still  in  a  fVesh  eUte).  they  are  dis- 


tinctly blue,     4.  The  protti 
granular  albuminoltl  matters. 

The  layers  juat  desi-rilted 
sometimes  di^ereot  in 
liifr^rent  parte  of  the 
same  seed-coat,  so  Hint 
the  division  has  n?ally 
little  utility. 

505.  The  external  in- 
tepiuicnt  or  testa  may 
havowell-develo|)e<l  hairs, 
as  has  been  shown  in  Vol- 


el. 


.  SOi).    Otilv  one 


of  these  eases  of  hairs 
can  be  hero  descrilied ; 
namely,  those  which  foi'm 
the  felted  eovering  of  irot- 
tun-seeds,  and  which  are 
the  "cotton" 


I  Ia3'er,  the  cells  of  which  contain 
'  different  in  ditfercnt  seeds,  and 


*  witli  col- 
Inpsed  walls.     As  they  ap- 
proach  maturity,   the   cells 
become  more  or  less  twisted ; 
Ihc  resulting   spiral  is  that 
which  imparts  to  cotton  its 
viilue  as  a  material  for  spin- 
Some   other    seeds, 
'    notably  those  of  si)ecies  of 
Asclepias,    have    long    and 
strong    hairs,   but  none  of 
these  have  any  spiral  twist 
which  fits  them   for  textile 
purposes. 
Rt^arding  ttie  size  of  cot- 
,3,  ton    "flbri's"    (liaii-s  of  ihe 

seed),  the  following  meas- 
urements by  Onlway  are  of  interest:  Ma^mum  length  in  the 
■■sea-island"  variety,  about  two  inches  (five  centiraet«rs) ;  in 


,  (ilu>r.  itruetor 

elsH  thn.  a.  LhiD 

ftnuM.iw 

VtuiiS.tmrm 

nrcBbre." 

1.   (Boonan.! 
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MTNL'TE   STKDCrURE    OF   THE    SEED. 

upland  or  "  filiwrl-ataple "  cotton,  a  little  over  otif  inch  and  a 
Lair  (three  and  three- fourths  oenti meters).  The  gre&te&t  width 
of  llbre  was  found  to  be  ,0013  ineb.  A  single  fibre  sustained 
without  breiiking  a  weight  uf  150  grains.' 

5011.  IL  has  baca  shown  in  Volunii^  I.  that  t^fe  seed-ooata  of 
many  Polemoniaceffi,  et«.,  are  furiiiahed  with  uiieroscopie  hairs. 
"  whieh  tome  nfi«f\ill.v  into  play  in  nrreating  farther  diBpersion  hL 
a  propitious  time  or  plaijc.  .  .  .  The  testa  is  uuatcil  willi  short 
huirs,  whieh  wlien  welled  burst,  or  otherwise  o|»en  and  distdiai^e 
along  with  mucilage  one  or  more  verj-  atl^unntcd  long  threads 
(spiriclea)  which  were  euileii  within.  These  protnidin)^  in  all 
directions,  and  in  immense  numbers,  form  a  liuibus  of  considera- 
ble size  around  the  seed,  and  evidently  must  serve  a  useAil  end 
in  fixing  these  small  and  light  seeds  to  the  soil  in  time  of  rain, 
or  to  moist  ground,  favorable  to  germination,  to  whieli  liiey  may 
be  carried  bj'  the  wind."  The  best  example  of  this  atruetnre  is 
afforded  by  the  genus  Collotuia ;  in  this  the  spirides  are  long 
and  ver)'  nnmerous. 

507.  The  nervation  of  the  seed-eoats  furnishes  in  many 
cases  excellent  diagnostic  characters,  but  they  need  no  special 
i-einark  histolugicully.  The  forms  of  branching  of  the  tibro- 
vascular  tiundle  of  the  funiculus  indicate  thnt  the  ovule  and 
seed  are  of  the  nature  of  leoflcls  on  the  margin  of  the  carpellarj- 
leaf.» 


'  TliP  alnve  mcniiuremente 

CenBiu  of  the  I'nit*!  HUtea. 

length  of  flbrr.  Mnxitnum 
Aontb  Carolina,  whem  it  vaa 
ii|ilnnil  ur  "ilinrt-BtHlile"  luttoi 
(O.OBS  inch)  wu  found  iu  Noith  CnroUn*  oottoii,  j 


Y  npjiroxiinnte ;    tho60  wbich  follovr  arr  tlir 
0  given  liy  Professor  Ordwaj  in  thi;  Tctilii 


Icngtli  roiinil  in  th 
.UBH  inches.      The 


B-ialand  "  Varietj  of 
mum  length  of  tht 

s  light,  Hind  J- 

Width  of  Btire.  The  n-idnt  (lAHAi  iu^'h  wiilFi)*!!!  quite  short  (0.94S  iiith). 
By  Str  the  LirguBt  nuiiibiTr  of  wide  Hbmcome  from  upUuds.  The  "Ms-uiUiid" 
vanity  hitd  ■  wirlUi  of  nljhi  iiivh. 

Strongth  of  fibre.  The  alrongrat  HporimMi  exnmineil  hid  a  breaking  weight 
of  \i9.i  gnins.  PrnfiHgDr  Onlvny  mentiuna  some  insUnoes  which  lead  him  to 
thinlc  th«t  the  ttrrnffth  of  the  fibto  may  Iiold  flomo  wdalion  to  the  aniourrt  nf 
phmpbnric  auid  in  the  soil  when  it  x»  frrown. 

Weight  of  s«-d«  und  lint.  (Mnximum  weight  for  five  seeds  with  lint  at- 
tached. 32. M  gniin-<<.)  I.Ight-weight  vedi  Dp|)«r  to  come  froni  snndy  soiU, 
lu»Ty-weis(ht  seeds  frmn  heavy  and  |>rodncUvc  soils. 

^  The  render  is  rernred  to  a  memoir  liy  l.e  Moniiier.  in  Ann,  des  8e, 
uat,  sir.  6,  tome  ivi.,  1872,  p,  283,  and  one  by  Van  Ticghom  in  same  Journal, 

isra. 


ALHUSirNOUS   AND    EXALBUMINOUS   SEEDS. 


508.   The  so-ealk-il  "grains"  nr  llio  ctn-uls  are  fruiU  instead  of 
si-eds  ;  lliu  acc;om|jaayiiig  (ijjurea  txUihit,  therefore,  not  only  tlie 


striKtuic  of  till  inbguiiit.nt8  of  tlie  settiis,  but  also  of  tlie  npoiied 

ovarian  wall 

50J     Aii  ^hown  in  the     '  Structural  Botany,"  page  30i),  ihe 

niKkus  of  the  teed  cousists  of  the  enil»ryo  and  its  supply  of 
foijcl.  If  the  store  of  food  is  wholly 
within  the  tissues  of  the  eral>rjo,  the 


seed  Ss  said  to  bo  exalbiirainous ;  if  partly  outside  of  tiie  embryo. 
fts,  for  instance,  in  the  cei-eals  here  ligiired,  it  is  said  to  be 
albtiminoua.  The  albumen  i»  the  supply  of  food  in  the  nucleus 
of  the  see<t  whieli  is  not  stored  in  tlie  embryo  il«elf. 


Sol:   n.  rrull-eftiMDld  b,  •bbI-i-' 

■IbDuian  of  Hwd.    iBtri  Bnil  3t'h 

Fio.  139.    A  ornM-HTilon  fmi 

mtcnlflsil :  a,  duUTi  i,  rriilt-iMtpCBte 


.■  pErl|ili8[7  »r  tliB  frail  of  Zvn  Mmii,  tilglilj  migni- 
t;  c,  wlhennt  ccllnlu'  ln^ar;  J,  iitarcli  conUialng 


rf.n 


wbytnu.    (Bfrs«r 


ttn.  1411.  <Ir»B-nc:ilonfn>mllHi|Mriv1i«]roftIisr[Dlt  <ir  Or]r»  HttlTBihlfbly  nag- 
nlllnl :  a.  philT;  6.  rrnU-iw]iwile  «llh  •ewl-cont  i  <■,  •IhpTsnt  wllalw  Ujtef ;  rf,  «tt«* 
BonUlnlng  olImailiMltl  ivrsnahrmK.     (Bcni  kihI  SehmUH.) 

rm.  111.  Ct«*-mc(1dii  tram  Ilia  perlphnrj  i>(  (ha  ft^lt  of  MnrJiam  tulcim.  Iilfhijr 
■■gnltlMl:  <!,  ebalT;  t,  fliill-tmiaula  witli  ILrg  Had-ciMli  -i,  luIliarBiit  mlliiliu'  lajn; 
4,  (tucb  mnlalnliis  aDiunilnirid  ptreneliTin*     (BeTE  uid  Salinilill.) 
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MINL'TE  STBCCTCBE  OF  THB  SEED. 


;>10.  The  embno  iDa\'  exist  as  a  daster  of  (larenchjina  cells 
without  any  clear  disitinetion  of  |>arts,  or  it  ma\'  possess  a  defi- 
nitely formed  axis  and  leaves  (see  **  Structural  Botan}*,"  p.  311). 

The  microscopic  structure  of  the  nucleus  has  been  illustrated 
in  part  b}-  the  figures  of  the  grains  of  cereals  (see  also  Fig.  22, 
on  page  47),  and  it  has  been  considereil  also  to  some  extent  in 
the  descriptions  of  the  nascent  root  and  the  nascent  stem  in  the 
embr}*o.  The  stud^*  of  the  development  of  the  embno  within 
the  seed  l>elongs  to  a  sixx-ial  subject,  which  will  be  treated  in 
Part  11.  under  -•  Reproduction."  It  therefore  will  suflSce  here  to 
state  that  the  pai-ench^ma  cells  of  which  the  nucleus  is  composed 
contain  food  materials  and  protein  matters  in  large  amount. 

511.  The  proix»r  food  materials  in  seeds  are  chiefl}'  oils  and 
starches.  The  seeils  of  a  large  numl)er  of  plants  have  been  ex- 
amined by  Niigeli*  with  reference  to  the  occurrence  of  starch,  and 
the  following  facts  are  takeu  from  his  extensive  treatise :  — 


Plismigmnui  oontaining 


No  sUrcL  in  the  seeil 


Starcli  in  the  albumen, 
Dot  ill   tiic  eiiiliryo 

Sliinli  ill  the  cnihryn. 
not  in  the  albuiueii 

Starch  in  the  albunii- 
Ilou^  embryo 

Starcli  ill  the  embryo 
and  Mlbiinieii 

Starch    in     the    9ee*\ 
tliP'Ughout 


f  In  all  fipecles    . 

1*  In  a  majority    . 
In  hair      . 
In  M  hniall  number 
1  In  Nil  species 
!  In  a  majority   . 
(In  hair.    .    . 

I  111  all  ifpedes 

In  all  Kpeciee    . 

In  a  nifgority    . 

In  half.    .     .    . 

InaKmallnumber 
I  In  all  K|«ecies  . 
i  In  a  ntaj«  rity  . 
I  In  all  ft|iecies  . 
j  In  a  iiiMJority  . 
]  In  half.  .  . 
i  In  H  Mmall  number 


Gym  no-    Monocoty-  Wcotyle- 
fi|ierma,       ledonn.         iloni^ 
Families    FamiliiK     Faniili««, 


20 


1 

17 
1 


I 

2 


190 

10 

l« 

2 

16 


ToUl. 
Familien 


213 

10 

10 

3 

34 


21 


1 

2 

3 

3 

2 

2 

11 

15 

1 

1 

5 

5 

13 

13 

1 

2 

1 

1 

30 

53 

3 

4 

8 

8 

13 

13 

512.  The  protein  granules  in  seeds  are  classified  by  Vines  ^  as 
follows :  - 


»  Di.'  Starki'kbiintr.  1858,  p.  387. 

2  Prf)c*HMling8  of  the  Koyal  Society,  vols,  xxviii.,  xxx.,  and  xxxL  On 
page  6*2  of  tin*  volume  last  nientioned  the  following  table  of  seeds  and  their 
aienrone  grains  is  pven  :  — 

I.  SoluMe  in  water  :  Paonia  officinalis  (tyi>e),  Ranunculus  acris,  Aconitum 

Na|H'llus.  Xig<-lla  daniasei-ua,  Hellel)orus  foetidus,  Aniygdalus  com- 
munis, Pninus  eenisus,  Pyrus  iiialus,  I>eontodon  Taraxacum,  Difisa- 
cus  FuUonum,  Iiiomopa  purpurea.  Phlox  Druinmondi,  Vitis  vinifera. 

II.  Completely,  and  more  or  less  readily,  soluble  in  ten  per  cent  NaCl 

solution. 


PKOTEIN    GRANULES    IN    SEKLIS. 
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.    Soluble  in  wttter;  e.  g.^  Pieoaia  otQcinalia. 
11.   Completely,  and  more  or  lees  readily,  soluble  in  teo  per 
cenl  >'aCI  (sodio  cbloride)  solution. 
a.    Grains  without  crystal loids. 

(a.)    Soluble  in  saturattKl  NaCI  ttolutioo  after  treatment 

witb  alcohol  or  ether  :  e.  g.,  Hsuin  sativum. 
{fi.)    Soluble  ID  saturated  NaCI  solution  after  treatment 
with  aleohol,   but  uot  after  etber;   t.  <j.,  HeliaiithuB 

fl.   Grains  with  crystalloids, 
(a.)  CryBtailoids  soluble  iu  saturated  NaCI  solution  after 

treatment  with  alcohol   or  ether;   t.  g.,  UerthoUctia 

escelsa. 
{fi.)   Crystalloids  soluble  In  saturated  NaCI  solution  after 

alcohol  but  not  after  ether ;  e.  ^.,  Ricinus  communis. 


a.    Qrwxs  without  crfsMlloids. 

(>. )  doliilil«  in  wtaratnl  NaCI  soliitioD  after  treatmeat  with  alcohol  or 
oUwr  ;  LnpinuH  biraiitus  (type},  VkU  Faba,  PUiim  rativuni.  Pha*;- 
oliu  luultillanu.  Allium  U'epa,  Irin  pumila  (var.  atroMerulm),  Colchi- 
cnni  kutunnale,  BvrbcrU  vulgarii,  Althea  roaei,  TropseuluDi  m^na, 
Menorjalig  aiianB,  Euipetrutu  Dignim,  Prinjula  officinalis. 

ifi.)  Soluble  in  ntiirated  NaCI  solution  after  alcohol,  but  not  aftrr 
ether  :  Helianltiiw  annuus  (typ«),  PUtycodon  ( WalilcnberBW)  grauili. 
flora,  Sabal  Adnnaoni,  Del|>hiiiiiiui  cardiopetalum,  TrolliuB  Euro[M<ua, 
Actea  a]iic*t«,  Caltha  palustris,  Ai[iitlegiB  vulgsria,  Diantbiu  Caryo- 
phyllus,  Bnuaiia  rapa,  l^piiliuni  utivuiu,  Medicago  ntiva,  Larii 
eurapoM,  (.'yuoglouuia  officinaU,  Spin&cia  oleracea. 
ft.   Gnina  irlth  cryi'alloiila. 

(a.)  Crystalloids  soliitile  in  sataraled  NnCI  solution  art<T  treatment 
with  alvohol  or  ether ;  Brnhulltitia  exn-lsn  (typ>'),  Adonis  autumnn- 
liN,  iSchnsi  Cynapiuni,  Digitalis  purpurea,  Cacnibiia  Pepo. 

(/S.)   CrjatHllaids  aolnble  in  laturated  NaCI  solutiou  nfti-r  alcohol,  but 
not  after  rther :  Hicinus  eominnnis   (type).    Datum  Stramoniutn, 
Atrop*  Rellailunnu,   Elsis  Guinecnsis,  Salvia  oOi--in>iliis  Taxaa  bac- 
onta,    Pinna   Piuea,  Cannabia  nativs,   Liuum   usitatiiMnmin,    Viola 
alatior,  Riitii  graveolenii,  Juglaua  rpKi*. 
111.    Partially  «olnble  in  ti^n  per  vent  NaCI  mliilion. 
a.   Entirely  soluble  in  one  per  cent  sodic  carhoiinle  »olnCiou  :  Pnlmonnria 
mollis,  Ouiphslodes  longillora,  BaragD  cnticnaica,  Uyosotia  pslnBtris, 
.CUrkia  puldiella. 
h.   Entirely  soluble  in  dilate  potasste  hydrate. 

(a.)  drains  without  crystnlloid*  ;  Anehusa  nffiiinalis,  Udiospenmnii 
olBcinnK  Ecliium  culnsre,  Heliolro|iinm  Peru»iiinuro,  I.ythnim 
Salicaria. 

(^i)  Grains  nithont  crystal loiils  :  Cuprr'ssos  LaWHoniaua,  Juni|>eruii 
conunnnis,  EiipUorhia  Lithyria. 
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III.    Partially  soluble  in  ten  per  cent  sodic  chloride  solution. 

a.  Entirely  soluble  in  one  per  cent  sodic  carbonate  solu- 

tion ;  e.  ^. ,  Clarkia  pulchella. 

b.  Entirely  soluble  in  dilute  potassic  hydrate. 

(a.)   Grains  without  crystalloids  ;  e.  y.,  Lythrum  Salicaria. 
(/?.)   Grains  with  crystalloids  ;  e.g,^  Juniperus  c*ommunis. 

513.  The  appendages  of  the  seed  known  as  the  strophiole  (at 
the  base  of  tlie  seed),  the  caruncle  (at  the  luicropyle  or  orifice), 
and  the  membranaceous  and  i)ulpy  forms  of  arillus  (see  Vol- 
ume I.  pages  308,  309)  do  not  call  for  further  remark. 

The  separation  of  the  fruit  at  maturity,  and  the  separation  of 
the  ripened  seed  as  well,  are  due  to  changes  analogous  to  those 
described  in  4o8,  under  the  '*  Fall  of  the  Leaf."  Some  of  the 
special  forms  of  mechanisms  by  which  the  detachment  occurs 
may  be  examined  in  Part  II.,  under  '*  Dissemination." 
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UIVISIOS  OF  LABOR   IN  THE  PLANT. 


614.  The  eiiiipleat  piaiit.  a  greeu  uell  living  in  water,  pos- 
sesses all  the  apidiancts  neectdil  for  the  work  of  vegeUttion  ; 
ttsmely.  n  protoplasmic  body  containing  chloropliyll,  and  a  cell- 
wall  protecting  it.  It  finds  in  tlie  water  in  which  it  flouts,  and  in 
tiu!  sunlight  to  which  it  is  exposed.  erer3'tliing  requiaite  for  its 
fhll  activity. 

515.  Its  work  is  twolbid  :  First,  that  whieh  it  docs  not  share 
Willi  the  animal,  and  wliich  may  therefore  bo  called  the  pmper 
offlt*  of  tile  [)lant,  — the  production  of  organic  matter  out  of 
inorganic  materials,  under  tlio  i^cncy  of  light.  This  work  is 
■lejjcndcTit  upon  the  presenee  of  chlorophyll  in  the  r-tll,  and  is 
known  as  Assimilation.  Second,  that  which  the  animal  tike- 
wise  can  perform,  —  the  conversion  into  various  forms  of  au- 
livity  of  the  energy  stored  up  in  food.  This  takes  place  in  tlio 
protoplasm,  whether  chlorophyll  be  present  or  absent 

516.  In  a  spherical  cell  isolated  from  others  and  leading  an 
indi>pendent  existence,  floating  free  in  the  wot<'r.  and  therefore 
presenting  no  one  part  exclusively  to  the  ligUt.  there  is  very 
slight  if  indeed  any  division  of  iaiior.  One  |iart  of  its  cellulose, 
protoplasm,  or  ehtorophyll  has  tlie  same  work  to  pvrlVinn  on<l  is 
substautiall;'  under  the  same  t^nditions  as  any  other  part.  But 
if  tht  eel!  Incomes  one  of  many  aggregaU-d  to  form  a  mass  of 
tissue,  its  relations  to  its  surroundings  aif  not  Ihe  same  as  be- 
fore, for  its  exteiior  is  no  longer  equally  exposed  either  to  wnt''r 
or  to  light.  The  cells  in  the  inteiior  of  suclt  a  mass  must  derivu 
their  supply  of  material  from  without  through  tlic  agency  of  the 
neighboring  cells;  hence  division  of  liihor  ln'gins.  Insjiecliou 
of  the  mass  shows  that  some  of  its  celU  have  the  olJlec  of  ab- 
sorption, others  that  of  assimilation,  others  Unit  of  treasnring 
up  the  products  of  manufacture,  etc-  With  this  ineipient  divi- 
sion of  labor  there  are  also  notable  changes  in  the  form  of  celb. 
by  which  a  moi'e  complete  adaptation  to  a  [larticular  Idut!  of 
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work  is  secured.    These  adaptations  are  as  marked  in  the  inter- 
nal anatomy  as  in  the  external  configuration. 

517.   The  parts  of  a  living  being  which  have  definite  kinds  of 
work  to  do  are  known  as  organs*  (cf.  Ifjyov^  work).     Since  they 


1  Tlie  organs  of  the  higher  plants  are  reducible  to  three  members  ;  that  is, 
three  types  of  structuii?,  which  bear  to  each  other  definite  relations  of  position 
and  sequence  of  ap^icarance.  These  members  are  the  root,  stem,  and  leaf,  —  to 
which  some  add  also  the  plant- hair.  In  Sachs's  Yorlesungen,  the  number  of 
members  is  given  as  two  ;  namely,  root  and  shoot. 

In  tlieir  very  youngest  state  all  the  modified  leaves  ujwn  a  given  plant  are 
indistinguishable  from  each  other ;  the  leaves  which  are  to  become  petals, 
stamens,  leaf-tra|>s,  or  tendriis,  are  like  those  which  are  to  be  ordinary  foliage. 
The  same  is  true  of  modified  stems  and  Tiiodified  roots ;  however  diverse  in 
shape  and  function  the  nuMlified  stems  or  branches  of  a  plant  may  finally  be, 
they  are  at  their  very  iK'ginning  preei8<*ly  alike. 

In  the  deteimination  of  the  rank  of  an  organ,  that  is,  its  reference  to  one  of 
the  three  plant-members  already  enumerated,  the  following  criteria  are  em- 
ployed :  (1)  its  position  with  respect  to  other  parts ;  (2)  its  nascent  condi- 
tion ;  (8)  its  presence  or  absence  in  organisms  obviously  allied  to  the  one  in 
which  it  occurs,  its  rank  in  these  not  being  obscure. 

So  far  as  the  oi*gans  seen  by  the  naked  eye  are  concerned,  it  is  seldom  that 
any  serious  difficulty  exists  in  the  application  of  at  least  one  of  these  criteria 
to  the  detennination  of  their  rank,  and  it  is  g(*nerally  possible  to  use  more 
than  one.  But  it  is  different  in  the  case  of  the  histological  organs,  for  (1)  the 
position  can  b<j  made  out  only  in  sections  of  the  given  part ;  (2)  their  early 
nascent  condition  is  the  sini]»le  cell,  common  to  all  tissues  :  (3)  it  is  not  easy 
to  determine  whether  an  organ  exists  in  a  rudimentary  form  in  allied  oi^nisms 
or  is  wholly  absent  from  them. 

It  is  so  difficult  to  apply  these  criteria  to  the  study  of  tissues,  and  the 
results  obtained  are  so  contradictoiy,  that  there  is  no  complete  ugn^ement 
among  lK)tanists  as  to  what  constitutes  a  histological  member  except  the  sim- 
ple cell  itself.  In  fact,  as  stated  in  191,  it  is  doubtful  whether  with  the 
material  now  at  hand  it  would  be  possible  to  construct  a  satisfactory  system 
of  tissue  elements  or  histological  organs  ujwn  a  j>urely  morphologic^d  basis. 
Even  in  the  systems  which  ma«*t  nearly  approach  this  there  are  some  physio- 
logical notions  which  have  affectetl  a  few  of  the  minor  divisions. 

A  classification  of  tissues  upon  the  basis  of  physiology  alone  is  open  to 
serious  objections  ;  one  kind  of  work  in  the  jdant  can  be  performed  by  diverse 
tissues,  and  on  the  other  hand  one  kind  of  tissue  can  ix'rform  more  than  one 
kind  of  work.  This  is  illustrated  by  the  stnictural  elements  through  which 
mechanical  ends  are  reached  ;  the  long  Ixast-fibres,  woody  fibres,  collenchyma, 
and  short  sclerotic  jjarenchyma,  —  ver>'  diverse  elements,  but  accomi»lishing  the 
same  result.  Yet  one  of  these,  namely,  the  wooily  fibres,  is  among  the  most 
im]K>rtant  of  the  elements  by  which  cnide  liquids  are  carrinl  through  the 
plant. 

Moreover,  in  the  <*xamination  of  the  minute  structure  of  a  part  it  is  not 
easy  to  dis<;riminate  between  the  diflTerent  offices  which  one  of  its  given  ele- 
ments may  fill,  because  the  element  is  associated  with  so  many  others  in  the 
formation  of  a  complex  organ. 
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e  [itirts  of  a  wlioU-.  —  the  organism,  —  the.v  iiiiisl  liave  clcSnite 
relatiuQs  to  phlIi  other  as  rvgaiils  |>ositiciu  and  offlct!. 

518,  The  rululiuiiM  of  origin  and  position,  no  far  as  the  oi^ans 
of  the  plant  an-  wiiit«rncd,  arc  disunsHeil  in  the  Ilrat  volume ; 
the  relations  of  origin  and  position  of  llie  component  parts  of 
their  sinii-tni-e  have  oounpiL-d  the  earlier  portion  of  the  present 
voliune.  From  a  review  of  the  fat'ta  there  presented,  it  appeai-a 
that  any  given  part  may  subserve  ditferent  ends ;  for  instance,  a 
leaf  mav  eaiTj'  on  its  proper  work,  namely,  tliatof  assimilation, 
and  at  the  same  time  may  aid  as  a  tt^ndril.  and,  in  tlic  case  of 
Nepenthes,  as  a  stomach  for  digestion.  On  the  otlier  hand,  it 
is  equally  clear  that  llie  same  kind  of  work  may  frequently  he 
|>erformed  liy  different  parts.  For  instance,  the  proper  work  of 
the  leaf  can  be  carried  on  by  any  green  tissue  ;  not  meiely  in 
proper  leaves,  hut  in  the  eortex  of  young  stems,  and  even  in  the 
outer  tissues  of  young  roots  of  certain  aerial  plants.  It  is  there- 
fore sometimes  advantageous  in  Vegetable  Physiolt^y  to  distiu- 
gnish  between  sj  stems  of  tissues  having  different  offices,  rather 
tlian  between  organs  whicli  are  often  mosses  of  heterogeneous 
tisanes. 

519.  Among  the  systems  of  classiS cations  of  tissues  chiefly 
upon  a  physiological  basis  is  that  of  llaberlandt,  which  is  as 
follows :  — 

A.  Tfie  ProU'ctivc  .System. 

1.  Of  the  surface  (Epidermis,  cork,  and  bark). 

2.  Of  the  skeleton  {Basl-libres,  libriform  cells,  collenchyina. 

and  aelerotie  parenchyma). 
A  The  Nutritive  System. 

1.  Absorbing  system  ( Epithelium  of  roots  and  tlie  root- 

hairs  ;  absorbing  tissue  of  h.iustoria,  etc. ). 

2.  Assimilating  system  (Chlorophyll  parenchyma,  both  pali- 

sade and  spongy). 
8.   Conducting  system  (Conducting  parenchyma,   vascular 
bundles,  latex  cells  and  tubes). 

4.  Storing  system   (lie serve-tissues  of  senls,  bulbs,  and 

tubers;  watcr-Uasue,  etc.). 

5.  Aerating  system  ( Aeriferous  intercellular  spaces,  togetlier 

with  their  external  o|>cning8.  stomata  and  Icnticels). 

6.  Receptacles  for  secreljons  and  excretions  (Glands,  oil. 

resin,  and  mucus  canals,  crystal-sacs.  etc.). 
To  these  might  be  added  the  groups  of  tissues  concerned  in 
reproduction. 
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MECHANICS  OF  TISSUES. 

520.  In  Haberlandt's  classification  ^  the  tissues  having  a  mc- 
clianical  office  to  fill  are  brought  into  one  group,  which  is  then 
subdivided  into  (1)  those  tissues  which  protect  the  softer  tissues 
of  the  interior  from  the  harm  which  would  result  from  exposure, 
and  (2)  those  which  hold  the  soft  tissues  in  place.  An  exami- 
nation of  the  work  performeil  by  tissues  ma}*  accompany  an  in- 
vestigation of  the  work  by  organs  themselves ;  in  the  examina- 
tion of  the  work  of  organs  in  Part  II.  the  necessary  facts  relative 
to  their  structure  will  be  presented. 

521.  Those  tissues  which  serve  simply'  to  impart  strength  to 
the  plant  belong  almost  as  much  to  lifeless  as  to  living  parts,  and 
can  best  be  examined  before  the  subjects  of  physiology  are  taken 
up.  The  present  division  has  for  its  object  the  consideration  of 
that  which  in  Haberlandt's  classification  is  called  the  skeleton, 
and  which  is  known  to  serve  chiefly  mechanical  ends. 

522.  In  the  case  of  a  water-plant,  for  instance  an  alga,  which 
has  about  the  same  specific  gravity  as  the  water  in  which  it  is 
borne,  no  special  mechanical  support  is  demanded.  Its  own 
buoyancy  suffices  to  keep  the  structure  as  a  whole  in  place ; 
while  the  different  parts  of  the  simple  organism  have  a  degree  of 
stabihty  which  enables  them  to  resist  the  action  of  the  waves. 
As  might  be  expected,  such  an  organism  can  attain  a  very  great 
size ;  for  instance,  Macrocystis  p3'rifera  of  the  Southern  Pacific 
Ocean  has  been  known  to  measure  nearly  one  thousand  feet,  and 
less  trustworthy  measurements  have  been  recorded  which  far 
exceed  this.  In  this  and  other  water-plants  the  medium  which 
buoys  the  plant  up  takes  the  place  practically  of  any  internal 
framework. 

52;i.  A  land-plant,  existing  in  a  far  lighter  medium  than  the 
water-[)lant,  must  have  a  definite  mechanical  support.  Those 
species  of  Calamus  which  furnish  the  ''  rattan  "  of  commerce  pos- 
sess a  terminal  shoot  from  which  are  unfolded  in  rapid  succession 
strong  leaves  armed  witii  recurved  hooks.  Having  reached  the 
thickly  clustering  to[)S  of  a  tropical  forest,  the  terminal  bud  de- 
velops its  leaves,  and  these  cling  with  tenacity  to  the  branches 
upon  wliich  they  rest,  so  tiiat  the  mechanical  support  is  afforded 
in  this  case  by  the  vegetation  beneath.  Tims  supported,  tlie  ex- 
tension of  the  shoot  is  indefinite,  so  that  examples  of  Calamus 

^  Physiologische  rilaiizenanatoinie  (Leipzig,  188-1). 
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IS'J 


with  a  leiiglli  of  ^01)  R-et  are  nol  iiui-uiiliuuii,  uiid  surae  figiiros 
mimh  bighcr  than  this  arc  noted- 

524.  Id  botb  tlit  uIhifc  i-xutes  the  extruuiitiuary  liizc  liaa  heva 
atiaineil  with  veij'  little  i;x|wnditiire  ol'  material  for  were  nic- 
eliaiiital  support,  The  same  is  truf.  allbougli  in  k  U-ss  strikuig 
Uecauao  a  jootv  familiar  manner,  in  our  ordinurj-  twining  anil 
climbing  plants ;  other  plants  or  oulsMe  supports  of  soini'  kind 
(>eing  neoessary  to  bring  their  stt'ins  and  leayes  into  thti  IhsI 
relations  to  their  surroundings.  Bui  what  tissues  servo  to  keeii 
e«!ct  or  in  position  the  larger  plants  whieh  are  not  water-plantct 
or  elimbcrs?     What  tissues  serve  mainly  meihunieal  ends? 

526.  The  suhjoet  was  cslensively  investigated,  so  far  as 
monoeolyledonons  plants  are  eoncerned,  by  Schweudener,'  in 
1874,  sinee  which  time  some  important  additions  b.ive  Iteen 
made.  According  to  Schwendener,  the  mechanical  elements 
in  tbc  jilant  are  (1)  host-fihres.  (2)  libriform  cells  and  fibres, 
(3)  colleiiebj'ma  cells.  That  tbe^^e  are  the  chief  elements  of 
strength,  especially  in  monocotyledonons  plants,  appears  from 
his  instructive  experiments,  which  Ijave  been  repealed  by  others. 
Strips,  150  to  40tl  mm.  in  length  and  about  2  to  .'>  ram.  wide,  were 
oarefhlly  taken  from  stems  or  leaves  and  immediately  fastened 
ill  a  vise  at  one  end,  the  other  end  being  firmly  grasped  by  strong 
pincers  to  which  weights  could  he  attached  at  will.  Behind  a 
strip,  vertically  snsjiended  iloin  the  vise,  a  measuring-bar  was 
placed,  so  that  uiij'  elongation  of  the  strip  under  tension  could  he 
accurately  measured.  After  the  apparatus  was  properly  adjusted, 
a  small  weight  was  attached  tti  the  pincers,  the  elongation  of 
the  strip  observed,  and  ihe  weight  then  i-emoved  in  onler  to  see 
whether  the  strip  recovered  its  original  length.  I'p  to  a  certain 
point  the  recover)-  was  found  to  be  complete  ;  beyond  this  point 
the  elasticity  was  lost,  and  not  again  regained. 

526.  Strips  fl-om  the  middle  part  of  the  leaf  of  Phorinium 
teuax,  3!)0  mm.  long  and  l.Ti  to  2  mm.  wide,  were  placed  in  the 
apparatus  and  sultjected  to  the  action  of  a  weight  of  1 0  kilograms. 
They  liecame  it  mm  longer,  but  on  removal  of  the  weight  were 
found  tji  recnver  their  original  length  ;  in  other  words,  they  re- 
mained (wrfectly  elastic  under  this  weight.  A  weight  of  l.j 
kilc^rauis  broke  the  strips  into  two  parts.  These  strips  eon- 
tainctl  only  five  fibro-vasmlar  bundles,  with  an  amount  of  hast 
which  was  believeil  to  tw  atciut  half  a  square  inillimet«T  in  cross- 


1  lias  ntechuiisdie  Piincip  iin  ■iiktumischtm  B«u  ilor  (laniHrnljIan  { I^Iinig, 
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section.  From  this  experiment  Schwendener  places  the  strengtli 
of  the  bast  of  Phormium  tenax  at  20  kilograms  per  square  milli- 
meter.* 

527.  The  tables  in  the  notes  show  tliat  good  bast  eqnals  good 
iron  in  its  tensile  strength  within  tlie  limits  of  elasticity,  while  in 
its  breaking-weight  it  is  greatly  exceeded  bj*  the  latter.  Schwen- 
dener well  remarks  that  Nature  has  given  her  whole  care  to  pro- 
viding that  these  mechanical  elements  should  be  strong  within 
the  limits  of  elasticity,  and  with  good  reason  ;  for  bej'ond  tiiose 
limits  the  plant  gains  nothing  by  greater  strength.  Attention  is 
called  also  to  the  great  difference  between  bast  and  the  metals 
with  regard  to  their  elongation  under  weight. 


^  The  results  of  experiments  made  with  the  bast  of  various  plants  in  the 
manner  described  are  given  below.  Most  of  the  cases  cited  are  from  Schwen- 
dener ;  othiM-s  are  from  Haberlandt  (Physiologische  Pflanzenanatomie,  p.  105). 
The  deteniiiiiations  for  metals  are  from  Weisbach. 


Name. 


PhormiaiD  tenax 
•<  it 


Fritillaria  imperialia      .    .    .    . 

Lilium  auratum 

Jubaea  Ai»e(:tabiliH  ...... 

Daaylirion  longifoliuni   .... 

Draciena  indivisa 

HyacintbuH  orientalis    ... 

Allium  Porrum 

PolytricUuiii  Juniperlnum  (stem) 
"  '•  (heta) 

Panvrus  antiqaornm      .... 

Mollnia  oo^rulea 

Pinoenectia  recurvata    .... 

DiantUuncapitatui} 

Secale  cereale 


TtonsUe  strength  in!  S^JSJ?!!! 


Elongation     Icilograms  per  m|. 
in  1000  parte,  mm  (within  limits 
I      of  elasticity). 


13. 
14. 
12. 
7.6 
12.6 
13.3 
17. 


15.2 

11. 

14.5 
75 
44 


20. 
16. 

• 

19. 

20. 

17.8 

17. 

12.3 

14.7 


20. 
22. 
25 
14  3 
15to2() 


kilograms' 
per  sq. 
mm. 


25. 


21.6 
21.8 
163 
17.6 
76 
116 


These  shouhl  Ix?  coniiiaretl  with  the  results  of  determinations  made  with 
other  materials  :  — 


Name. 


Mallt'ahle  iron  in  nxls 
•«  "    In  wire     . 

••  ••    in  plate    . 

Hammcrc<l  (jcrman  Btecl 

BniHs 

BrnKH  win* 

Ca«t  zinc 

Copi>er  wire 

Silver . 


Elongation  in  TenHile  ntrength 
1000  i)arC8.    I     per  eq.  mm. 


.67 

13.13 

1.00 

21.9 

.80 

14.6 

1.20 

24.6 

.75 

4.85 

135 

13.3 

.24 

2.3 

100 

12.1 

«         •         ■ 

11. 

Breaking-weight 
in  liilograms 


40.9 
82. 
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528.  The  sli'CtigtIi  of  ulUi-r  libsiies  l>cfiiUt.-8  bast  has  beeu 
iirctl ;  tiuis  Ainbroiiu  ossigua  to  L-ullciiL-hyma  &  breaking- wciglit  of 
M  kilograms  [xr  square  iiullimt'ler.  anil  those  cells  l>e(X>nie  \ivr- 
matiL'titly  eloitgaUHl  under  a  wuiglit  of  IVuiu  1 .5  U>  2  kilograms. 

Ilabcrlandt  foiiitd  that  Uie  breakiiig-wciglit  o[  the  internal 
•*  tliread"  of  Uie  ix>iJiuion  grajheanl  liulieii,  L'anea  liarbaUi,  is 
1.7  kilograms  per  square  millimett-'r,  but  that  this  thread  emiM  Ik- 
streUrlicd  to  double  its  length  before  breaking.  The  breaking- 
woiglit  of  cotton  Itbrc  is  calculated  to  l>e  between  18  ami  20 
kilograms  per  sijtiai-e  millimeter,  and  that  of  the  set^l-liuir  of 
Asclepias  Svriaca  not  far  from  40  kilograuia. 

529.  Kxamination  of  any  of  the  figures  of  fibro- vascular 
bundles  given  in  Part  I.  shows  how  well  their  elements  are  dis- 
tributed in  order  to  secure  the  greatest  strength  with  economy  of 
material.  To  tlie  elements  whirh  impart  strength  to  a  bundle 
.Scbwendener  has  given  tlic  name  »t«reo>n  ;  to  the  other  parts  of 
the  bundle,  mestom  ;  thus  the  fibres  are  stereom  elemenu,  the 
diicte  are  mestom  elements. 

i)30.  The  strikiug  adajitations '  of  the  fl bio- vascular  bundles 
to  serve  as  light  and  very  strong  building  materials  in  tlie  plant 

>  Thfl  rollowiiig  talili^  h^m  Si.-liwen<lcner.  witli  a  Tl-w  illimtratiTe  examiileH, 
is  giveii  to  Mrve  u  >  guide  lo  Uie  studoiit  in  treeing  out  »  fen  of  thoe  iid«pt>- 


1 


r.  Eluikntb  V 


I.    In  cylisdriuil  orfiHMs. 

1.  System  uT  (ubcpidsnn&l  nervn  of  but.     Simpls  iutdcXva  of  bust  lie 

luder  the  qndrnnia. 
Pint  typo.     Aram,  AriMBtra. 
Second  type,     fniiolns  of  Colociwis  and  Alocasio. 

2.  flfHtvinnruiiriiponnil  iHTijihvniifpnleni.   flul>rpidirm&l  faw^iclesorVjnat 

noito  with  thoH  which  li"  more  deeply  to  fotra  girdera  in  whirli 
ilie  "web"  or  biiidinj^.tiMue  la  partly  niMtoni,  partly  parcnphynu. 

Thin]  ty|ir.     Sli ms  uf  Svirpiu  ciespitosua  and  Kriopliunitn  iilpiniiin. 

Fourth  type.     StvDi*  (dImtk  gmund)  at  Cyptmi  Rltemifolill*. 

Fifth  type     Stonui  of  Srhu-ntiB  niKrirani. 

ffixlli  typi'.     Stoma  of  Jiiniru*  eOimu. 

Seventh  type.    Carrx  Inpalina. 

Eighth  type.    .Scjrpn*  laruatrix. 

Ninth  type.     IwlepiH  paurifliirm. 

Tmth  type.     ClBdinm  Mariwna. 
t.   System  chHracteriml  by  a  imrntd   hollow   cylin-Ur,   the  nerrm  of 
whirh  art'  niiited  wilb  tiuBc  at  the  *^]'idermia. 

Elrventh  type.     Many  giaasi^*:  r.  y.,  Alo|iecnnii  pntenua. 

Twelfth  ty|w.     Pamrnm  ('ni«-|ialli. 
4.   Syslrm  of  ]ieriphet*l  tiast-fawii^les  strengthened  by  melton). 

Thirteenth  typn.     Zm  Hai*. 
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ai*e  seen  plainly  when  the  distribution  of  the  bundles  in  the  steins 
of  monoeot>  ludons  is  examined  in  c-ross-seetion.  In  many  eases 
the  shape  of  the  scetion  of  the  bundle  is  nearly  that  of  the 
well-known  *'  I  "  or  '*  II  "  beam  or  girder.  In  the  most  elearly 
marked  instanees  the  stereom  portion  is  well  developed  on 
both  sides  of  the  mestom,  and  thus  forms  the  ''flanges"  or 
''plates,"  while  the  mestom  is  the  ''web;"  the  stereom  has 
therefore  to  bear  either  compression  or  tension,  according  to 
the  bending  of  the  part.  It  will  further  be  observed  that  in  all 
cases  the  beam  is  placed  with  respect  to  the  rest  of  the  stem,  so 
as  to  insure  the  greatest  efficiency  of  the  stereom  portion. 

But  it  is  onl}*  upon  a  careful  examination  of  the  man3'  methods 
of  arrangement  of  the  stereom  and  mestom  in  the  bundles 
of  diverse  forms  of  dicotyledonous  stems,  together  with  an  ex- 
amination of  the  arrangement  of  the  bundles  themselves  with 
respect  to  the  surrounding  tissues,  that  the  adaptations  of  the 
various  elements  to  strength  can  be  full}*  appreciated. 

The  modes  of  distribution  of  the  stereom  and  mestom  met 
with  in  monocotyledons  are  so  numerous  that  they  cannot  be 
reduced  to  a  few  types ;  their  diversity  is  so  great  that  they  can 
only  with  difficulty  be  brought  into  any  system  of  classification. 


6.    SvHtera  of  subcortical  fibro-vascular   bundles  witli  strougly  marked 
bast  development. 
Fourteenth  tyi>e.     Bambusa  species. 
Fifteenth  type.     Palms. 
Sixteenth  type.     Yucca. 
Seventeenth  type.     Musa. 
Eighteenth  type.     Maianta. 

6.  Syhtem  of  subcoitical  tibro-vascular  bundles  united  tangentially. 
Nineteenth  tyiK?.     Juncus  Gerardi. 

7.  System  characterized  by  a  simple  hollow  cylinder  with  imbedded  or 

attached  fascicles  of  Mestom. 
Twentieth  type.     Commelynaceae. 
II.    In  bilateral  organs. 

1.  System  of  subepidermal  ^'iniers. 
First  ty]»e.     Leaves  of  Cyi)eruh. 

Second  type.     Middle  part  of  leaves  of  Zea. 
Third  type.     Leaves  of  Musa. 
Fourth  type.     Leaves  of  Tradescantia. 
Fifth  tyjx'.     Leaves  of  Panlanthus. 

2.  System  of  internal  girdci-s. 

Sixth  type.     Leaves  of  ( 'yj»ripedium. 
Seventh  type.     Petiole  of  Aspidistra. 

3.  System  of  complex  <^rders  :   subepidermal  nerves  of  bast  combined 

with  interior  prders. 
Eighth  type.     Petioles  of  many  palms. 
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A.11.  The  dislriliutioii  ol'inntrriiit  in  Uw  skcli^tou  of  a  ligiKviis 
iik-ot,\  It'ctuiious  |ibiit  ia  Kuuiuwlmt  ttiirt^n-'Ut  f'ruiii  tlial  iu  a  riiono- 
uotjl«<lon.'  Moi'L-  of  the  iiicfhaiii<'»l  work  lulls  uii  tin?  iii-ojier 
wocxJ.  Iiul  bVL'U  ht^re  in  soma  t-ases  tlm  bust  scnes  an  iniimrtaiit 
piirpoae. 

iiS2.  The  ilnlu  Tor  cali.'iil£itiii<r  tlie  stix-nglti  ol'tlii-  woody  sUjiii 
Anil  liraiii'lu's  of  a  dieotyk-doiioiia  plant  ai«  to  bo  toiind  in  vari- 
ous works  on  luecbanical  (engineering ;  but  it  is  to  be  iHjrtie  in 
minil  ihnl  the  figures  given  for  timber  ar«  usually  liaseil  on  ex- 
jK-i-iments  with  dry  heart-wood. 

533.  The  trunk  is  to  be  regarded  ns  a  coliinm  beariii}^  tlie 
wcright  of  tlie  wholu  crown  of  branches,  each  of  tliese  K'ing  a 
tapering  ln-ain  8Ui>]H>rl<il  at  one  extremity.  The  erueh  I ng- weight 
the  crown  exerti  ii|K)n  this  eolunni  is  far  within  the  limits  of 
safety,  even  when  thi;  liuiiility  of  tUu  trunk  to  Ik'  nnieh  bejit  and 
twiati-d  liy  high  winds  ia  taken  into  aeeount.  The  branelies  at 
their  point  of  union  with  the  trniik  fonn  ditf^^'rent  angles  in 
different  plants,'  and  this  angle  luusl  be  taken  into  consideration 

1.   Witli  but  in  tbe  bark. 

First  grou|i.    Axial  'ir}{iui»t  wlivii  yuiing  hnVH  an  nuhrokeu  ring  of  bnst ; 

is  iniicb  oUicrr  aU-ms  thla  is  inturniplod  nv  cost  uU'.     Arislulocbia. 
Socund  fiTuiip.      AxM  0Tgaa»  with  a  Ujer  of  boat-butidlra  wLiufa  ii 
thrown  oiT  Inlpr.     The  bast-bandli's  funn  the  firBt  niodiKUiral  systciii, 
which  is  tnoa  ra|iliiced  by  the  ring  of  woud.     Neriuiu  Oleander. 
Third  gn)U|>.     With  fliniple  rin;;  of  beitt-bandtes  in  tirat  year,  lali'f  with 

ikolsted  but-tibree.     JJIbcuIusi  HippomMonuiii. 
Fiiiirlh  gRiii)>.     With  BtroDg  beat,  even  wlieii  far  ailyancwl.     Tilia. 
Fiflh  gmup.     With  subtpidernial  b«it-nerv«.     Ritsaelin. 
S.    WitU  Iranailion  to  aii  iiitrn-eainbiiun  ring  uf  lilirifanii  nelU. 

Sixth  gr<iup.     Thr  uMiiliium  ol  the  biiiidJiii  lim  [nrtly  oiitjudt'.  partly 

iwtido  the  inccliiiniai!  ring,  or  j«  inibniilvtl  thsrein.     OailUnlin. 
Sevmth  unmp.     Iwlalnd  TaacnUr  bnudlea.     Silpliiuni  purloliatuui. 
S.   Intn-canibinn  librirunn  ring  without  niHlntlary  ray*. 
_  Eiglith  Jir<>up,     Without  but  on  thu  outer  Hide  of  the  wmbiuni  or  cnni- 

luforni  l»yirr.     Intpatiena  Nolitnngi^tv. 
Ninth  group.     With  lo^-r  or  uniBllpt  amonnta  of  last  on  iho  onter  sidn 

of  thx  uiitibriform.     [f  rUi'a  dioirn. 
Tonth  group.     In  llin  Ubrirorm  dtmenbi  all  nhades  o(  tniintiona  to 
dact&     MimbillK  JnUpit. 
^   4.   tntm-aunbinm  libriform  ring  with  pareiiebytnB  rays. 

Elavonth  gmnji.     RayB  fomml  al  rlangiWA  eMa.     VitiCH  niajnr. 
Twaltlh  fcronp.     Typji-ai  diuotyl«IonK  witb  mnlulLwy  rays, 
•  Ui^Cmh  hkB  giton  tlie  nngloi  in  a  largii  number  of  plants,  a  frw  of  whii-h 
h«Todt*!r  Ash.  BO";  horse-cb^atnut.  Sfl'-SS";  ahlir,  50';  »lni.  E0»;  mk, 
largBhrunchiw,SO°.  *inaln<iflnchM.fla°-70°;lwprh.  ta";  lindm.  10°.  HTalU 


attention  to  the  fact  that  in  thMi'  anri  m 


'  oilier  nuee  the  angle  tit  whidi  the 


194 


PMVSIOLCXIICAL   CLASSIFK'ATION    ' 


ill  ilctti'iuiiiiiig  tUo  iwtual  luii-o  I'XeiU'ii  upon  the  filtrps  at  llii' 
base  uC  the  lirauuli.' 

334.  The  part  wliitli  aclpiotic  parciichviiiii  utal  ihU-keupil 
epiiiermal  and  li.ypodcniial  lulla  play  in  lUrurtliiig  strength  to 
plants  need  only  be  alluded  to  (set-  211).  In  a  lew  cases, 
t^pet^ially  in  some  siiix'iilents,  n  considerable  share  of  the  mu- 
elmiiical  support  or  tho  plant  is  afforded  by  the  more  superfleiai 
parts.* 

5;i.'i.  Tlic  veining  of  leaves  and  the  structure  of  leaf-margins 
pn-sent  some  iiitei-eatuig  problems.  Comparative  invcatigatione ' 
have  shown  that  strength  at  the  cdgi-  of  the  leaf  is  obtnined  in 
very  (lilferent  wajs,  even  in  closely  allied  plants.  The  resist- 
ance to  tearing  which  is  oxhibiUnl  by  some  of  the  largiT  leaves 
of  dicotyledons  is  remarkable. 

The  <Iistribution  of  tlte  strong  ribs  in  tlie  leaves  of  Uie  greatei 
water  lilies  (for  instance,  VicloHa  regin).  and  to  a  less  striking 
extent  that  in  the  smaller  water  lilies  of  cold  climates,  secures 
great  strength  with  the  utmost  economy  of  matfdal. 

The  trunks  of  many  tropical  trees  are  provided  with  lateral  pro- 
jections (buttresses)  which  strengthen  the  stem  yerj'  materially.' 

reiuInU  iMmt  oO  froin  the  oiidiib  U  tli«  Mine  u  thnt  TonuMl  hy  tlie  brantli  nnd 
the  truuk.  The  angles  in  the  aboTe  eaaet  axe  thme  Tanneil  abore  the  puinU 
whom  tlio  bnuiiih™  ariw  (BritiBh  Amuo,  tteport,  1852,  i«tt  ii.  p.  68). 

'  Very  inilructlTe  illuitrfttiona  of  tLe  diHirrenl  uufHicitji  of  iliffermt  tma  to 
waist  the  avtion  of  liigh  wiofU  are  given  in  tlio  Bo|iorta  of  the  Signal  Service. 

*  Pnlt  and  interrating  accoiinta  of  thv  ailaiilatious  of  the  framHWork  to  the 
pxternal  conilitiuiia  nt  plants  are  to  be  Tuund  in  the  wurka  of  Schwendeuer  and 
Uiberlandt 

*  Wealertnaier ;  HouatHher.  dur  k.  Akad.  li.  Wiiisenschallnn  B^iriin,  1381, 

*  "  All  are  tail  and  uprigbt  Eolumnii,  but  they  differ  from  each  otlirr  more 
than  do  the  coIutuliK  of  Oothic,  Gnek,  and  Kgy|>tiaii  tciuptes.  Some  are 
almost  cylindriml,  rising  oii  out  of  the  graaud  as  if  their  Imats  ven  eoneealed 
by  acuumnlatlDDs  «f  th«  noil ;  othore  gk  much  tbicki^r  nrar  the  gniuuil  like 
our  ■{ireodiug  oaks  ;  others  iLgain.  and  thesr  atv  vry  rliarauteriatirj,  send  out 
tiiwards  tha  base  fUt  nud  wing-Uki;  projevtiotia.  These  ]<rojeeCiot»  are  thin 
slabs  radiating  from  the  main  trunk,  rmui  whicli  they  stand  unt  like  the  biit- 
trenea  of  a  Oothio  cathedral.  They  rise  to  various  hrtghta  on  tho  tree,  from 
Bire  or  dx  to  tuiinty  or  thirty  feet ;  they  often  divide  a*  they  ap|in>iii^h  the 
([ronnd,  and  Mmetiines  twiat  and  curve  along  the  surfaci'  for  u  considerable 
di-ttance,  fonning  elevated  nnd  greatly  miintiressed  ronli.  These  blittreesea  an 
sometimes  no  large  that  the  apaocs  between  them  If  nwfnl  over  would  forio 
hnts  capable  of  cflntaiiiini;  sevrml  pi-T*oris.  Their  nae  in  evidantly  to  give  tha 
tr»  an  extended  base,  and  so  auisc  thi'  ■nbterraneRii  root*  in  luaintntning  in 
an  ervet  poaition  so  lofty  a  column,  r'riiivneil  by  a  brnrnl  and  niiis!nvi>  liend  ol 

'  w  anil  foliage  "  (Wnllai^e  :  Tni[iir-i<l  Mature,  1S7S,  p.  SO). 
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PROTOPLASM   AND  ITS  RELATIONS  TO   ITS  SDRBOUNDINGS. 


530.  Vv)S  tlie  framework  tvliich  iniparbs  atrengtli  to  tUe 
plant  the  active,  living  cells  are  distrilnitetl.  In  old  ligneous 
dic(it,vletlonoua  planls  the  living  parls  oie  relatively  so  siipor- 
flcinl  tliiib  they  have  been  said  to  form  a  mere  film  of  living 
tissno  held  in  place  l>y  a  dead  skeleton.' 

537.  The  living  cells  aru  those  wliidi  contain  protoplasm. 
Each  of  these  cells  has  lU-lliiite  lulaliona  to  llie  iicighlionng  cells, 
most  of  whieli  relntiotia  have  licen  pivsented  in  I'art  I,  Bnt  each 
of  these  cells  has  nlao  dclinito  relations  to  the  external  vorlil, 
wUieli  it  is  llto  province  of  Physiology'  to  investigate.  Such  an 
investigation  naturally  begins  nitli  a  eousideration  of  the  char- 
wter  of  protoplasm. 

'  "The  living  |)arM  a(n  trto  or  shrob,  of  lUo  oxogenoiij  kind,  nre  olivioiisly 
onlj  tlipse :  lil,  Ttie  snniMiit  uf  tlii!  stem  aod  broncliea,  witli  tin-  bn<U  wliich 
eontiuiia  tlipm  u|iui>iils,  mil  innunlty  dcTvlop  the  foliagn.  2il,  The  tmA 
w»t»  will  roiillpts  inuiinlty  Jevcloprd  nt  the  oppiHite  oilmniiy,  Sil,  Tha 
newest  stnUa  of  vonl  aiiil  bnrk,  tiiiJ  rspei'iully  ths  inlrqiuasl  cnmbiutn'kyar, 
which,  itanuallf  irncwed,  maiiil-iiii  it  living  coniniuiiiiTation  bntwnn  ihc  root- 
lat*  uii  Uia  niie  bitiiil  auil  tlie  buila  iiid  roliage  on  the  other,  bowver  dUuat 
thejr  *t  Ungtb  ran/  In.  Tliesc  are  M  lliat  nrr  coixeniPil  is  the  Mle  and  growth 
of  the  tr«e  ;  uid  these  nm  aununlly  rcaewi'd.  .  .  .  Ttie  plant  ii  a  composit* 
brinji,  or  cocnmuoity,  luting,  in  the  enaa  of  >  tree,  through  hd  indrSnile  mkL 
oflen  iiuuieiuie  number  of  generatinns.  TItne  an!  luci^esHvrly  pro'1ii(!nJ,  on* 
jo;  «  tami  »f  exiatuii'^,  and  perish  in  tbfir  tinn.  I.iru  [hums  onward  cun- 
tinuiJly  fmm  tho  older  to  tbi-  newer  part*,  and  ilealh  fi.llovrs,  with  iH|a.il  ateji, 
at  a  narrow  interval.  N'o  iKiriloii  nt  tbe  trra  ia  now  tirinit  tlint  wu  alive  t 
f«w  yMM  ago  ;  tiip  Wves  die  niiDually  and  are  nut  olT,  whili<  the  iotemodet  or 
joint*  of  the  sliin  tliat  boir  them,  a»  to  tlielr  Wood  at  liWEt,  buried  deep  in  tb* 
milk  under  ibe  wowl  of  aniKvrrdiliK  S^n^mljiina,  anr  i.-unvert«J  into  lifKleaa 
hsart-wood.  or  prrphance  decayed,  and  tbe  Inrk  Cliat  belongi^  to  them  i« 
thrown  oir  trtim  the  nurface.  It  ii  Ilie  a^re^^lr,  llie  Idended  man  alone,  that 
loiigaarmu"  {Oray  •  Stinctural  Botany,  pp.  S3,  It.) 
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538.  Prah>plastu»  tlie  living  matter  of  tlic  plant,  can  bi;  cx- 
aiuiiicd  to  aihuiitiigL',  tUlivi-  as  it  c-sistB  witliout  n  cell-wall  in 
some  of  tln!  lowfr  urgauisms  ( MysoinycetOB) ,  or  coiiBtied  within 
a  transparent  tull-wall,  as  in  jwing  plant-hairB, 

S3D.  Tlie  Myxuniycctcs  livu  in  tliu  intcratioes  of  moist  poroua 
substaucca;  fur  instance,  tlccaying  Icavts  and  stems,  spent  tan, 
etc.  Passing  over  all  details  regunUng  llieir  frnctilication,  —  a 
Bubjcct  to  U;  looked  Cur  in  llio  \-uhimc  on  "  Cry -ptogamie  Botany." 
—  their  present  examination  can  begin  with  the  pei-imi  when  the 
germinatiug  fiirarcs  of  tlicse  plants  rupture  their  wiilln,  and 
become  confluent  as  masses  of  naked  protoplasm  known  as 
Plasmodia. 

540.  The  plasmodium  of  .^thnlium  se|)tienm  is  not  didleult 
to  procnre,  as  it  oeeurs  in  summer  njMin  heaps  of  moist  tan  in 
the  ojKn  air,  and  even  during  the  winter  in  moicit  planes  in 
groenhouscB  where  tun  is  used  as  a  stratum  for  flowcr-|>otB.  It 
is  a  sofl,  gelatinous  mass  of  yellowish  color,  sometimes  measur- 
ing several  inches  in  diameter.  Removal  of  any  portion  of  this 
mass  to  a  glass  slide  is  npl  to  liivak  np  the  plasmodinm  so  mneh 
OS  to  render  it  useless  for  uhscivutiun ;  therefoix-  the  following 
explicit  directions  given  by  Strasbui^er  for  obtaining  small  por- 
tions to  examine  will  be  found  nsefiil.  A  tumbler  is  to  be  Glled 
with  water  up  to  the  brim,  and  from  the  Ijrim  a  strip  of  moist 
filtering- pajjer,  somewhat  less  than  an  inch  in  width  ntid  one  or 
two  inches  in  length,  is  to  l>c  stivtc-liL-d  to  the  tup  of  a  glass  slide 
pla<^  in  a  vertical  position  (or,  better,  leaning  a  little  out- 
wards) ;  the  lower  end  of  the  slidt:  Iieing  placed  in  sand  to  cateh 
the  water  which  will  soon  licgin  to  flow  slowly  over  its  suifaee. 
Next,  a  piece  of  bark  witli  the  plasmodium  u|ion  it  is  lo  be 
placed  at  the  foot  of  the  slide,  the  whole  covered  with  a  bell-jar 
and  a  dark  cover  of  pastelioai'<l,  and  fiom  lime  to  time  the 
water  in  the  tumbler  replenished.  In  the  coui-se  often  or  twelve 
hours  some  of  the  pi-otoplasmie  mass  will  climb  up  the  slide  in 
the  form  of  delicate  threads,  which  branch  more  or  less  and  con- 
stitiil*  a  sort  of  network.  The  slide  is  tlicn  transfeiTed  to  llio 
stage  of  the  mieroaoope,  care  being  taken  (1)  to  use  only  a 
little  light,  and  (2)  to  avoid  any  pressure  by  the  cover-glass. 
The  latter  may  l>e  prevented  by  fragments  of  glass  pla<^«d  under 
the  corners  of  tlie  cover-glass;  or,  better  still,  the  cover-glass 
may  lie  fastened  on  the  slide  by  means  of  four  minute  drops 
of  cement,  leadng  its  side  exposed,  and  tlien  tiie  slide,  thua 
ftiruisfacd  with  a  eo\er,  [)la(.'ed  in  the  neaily  vertical  position  al- 
ready advised,  when  the  Plasmodium  will  creep  under  the  cover. 
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and  be  nil  ready  for  examiiiatiou,  witli  uo  tlisturliunet  wliati^ver. 
If  the  plasmudiuiD  is  allowed  to  creep  wver  tlic  face  of  a  slide 
placed  horizon UII3',  it  is  aiit  to  be  too  thick  fur  a  dmiiotistratiou 
oi  some  of  llie  pointa  which  are  now  to  he  referred  to. 

541.  Chemical  ani  physical  properties  of  protoplasm.  When 
the  Plasmodia  of  vEthaUuin  sejaieuiu  txilleut  in  large  luasses  on 
ths  surface  of  speut  tau,  they  alTord  good  material  for  the  esatu- 
iaation  of  some  of  the  cbeoiieol  and  physical  tharaeters  of  pro- 
toplasm ;  hilt  tlicrc  is,  of  course,  tlic  serious  objection  tliat  it 
is  impossible  to  obtain  the  protoplasm  iu  a  stale  of  absolute 
purity.  Upon  such  material,  honevur,  Reiuke  and  Bodewald  ' 
have  couducted  some  iiisti-uetive  ex|x-riments,  the  principal  re- 
Buits  of  which  are  detailed  in  the  following  paragraphs. 

542.  The  organic  substance  of  the  protoplasm  of  .£thaliuui 
proved  to  have  the  following  elemeutary  composition :'  — 


Per  cent,  ■Ir-JrM 

Per  oeul.  dtj 
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i(i.52 
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0,28 
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In  both  auBlyaea  oxygon  u  a  fourth  couililueiit.                        1 

>  Studieii  liber  ilus  I'rolopliBinu,  Kciliii,  1881. 

■  The  coiupuaitiuu  of  lliu  ur-drusl  suUtaace  ia  appiojumfttdy  u  fulluws  :- 

W«Ui 4.80 

Pe]>>>hi  aud  Hyosin 1.00 

Titcllin 6,00 

PUuIin 27.40 

Ouama   ^ 

Xontbin  } 01 

Su-kin     ; 

AaimoDic  carbonate .10 

Aspangia  nuil  other  uiiidv« 1.00 

Pei'toii  pioJ  re])touoi<l 4.00 

Lecithin       20 

Olyi-ognn 4.73 

£llialiuni  sngar 3.00 

Cklde  romiiouiids  of  higher  fatty  ai:iil9    .     .    .      S.33 
Cklata  formate  I  . . 

Calcii;  atelnte  ! 

Ckkioiarbanate 27.70 

Smtic  chloride 10 

HyilR>poi<kBticpho«|<hMe(rO,K,H|    ....      1.21 

Imi  ptwiplutc  (PO,Fe  I) 01 
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543.  One  banilreil  and  seventv-nine  grams  of  fresh  proto* 
plasm  of  a  soft  consistence  were  plac*ed  in  closely  woven  linen 
cloth  and  subjected  to  pressure  by  the  hand ;  58  grams  of  a 
turbid  fluid  were  expressed ;  the  mass  was  then  placeil  onder 
a  pressure  of  4,000  kilograms,  by  which  62  grams  more  were 
forced  out,  leaving  a  dry  cake  behind.  Thus  66.7  per  cent 
of  the  mass  was  pressed  out.  The  fluid  thus  expressed  has  a 
specific  gravity*  of  1.209.  That  this  fluid  is  intimately  incorpo- 
rated with  the  more  solid  portion  of  tlie  protoplasm,  appears  from 
the  fact  that  it  cannot  be  forced  from  the  protoplasm  bj'  cen- 
trifugal force  alone.  To  it  the  name  enchylema  has  been  given  ; 
to  the  solid  matter,  the  name  stroma  is  applicable.  The  amount 
of  water  contained  in  fresh  protoplasm  of  jEthalium  septicum 
is  approximately  71.6  per  cent. 

The  reaction  of  protoplasm  is  alkaline. 

544.  In  young  cells  the  protoplasm  exhibits  essentially  the 
same  characteristics  as  those  presented  by  the  naketl  protoplasm 
of  the  Myxomyeetes  already  alluded  to.  The  phenomena  in  cells 
can  he  most  satisfactorily  seen  in  thin-walled  plant-hairs.  These 
should  be  transferred  to  a  glass  slide  with  as  little  injury  as  pos- 
sible, covered  immediately  with  pure  water,  and  examined  under 
a  cover-glass  which  is  prevented  by  bits  of  wax  or  thin  glass 
from  pressing  on  the  delicate  object.  The  stamen-hairs  of  Trad- 
escantia  Virginica,  pilosa,  or  zebrina  arc  the  best,  for  in  these 
the  cells  are  sufflcicntl}'  large  to  lie  managed  without  difficulty, 
and  the  walls  are  perfectly  transparent  The  cells  in  the  thin 
leaves  of  man}*  water-plants  answer  very  well,  but  they  generally 
contain  so  much  chlorophyll  that  the  protoplasm  is  obscured. 
The  hairs  of  the  flowers  and  of  the  young  leaves  of  plants  of 
the  Gourd  family  and  those  of  the  nettle  *  are  also  excellent 
objects  for  the  study  of  protoplasm ;  and  in  general  it  may  be 
said  that  almost  any  plant-hair,  if  it  is  3'oung  enough  and  has  a 
thin  wall,  will  serve  very  well  (see  Fig.  175). 

545.  Protoplasm  in  cells  exists  as  a  nearly  colorless  mass 

Amnionio-magneAic  phosphate 1.44 

Triealcic  phosphate 91 

Calcic  oxalate 10 

Chlolesterin 1.40 

Fatty  acids  extracted  by  ether 4.00 

Resinous  matter 1-00 

Glycerin,  coloring-matter,  etc 18 

Undetermined  matters 6.00 

1  Huxley  :  Protoplasm  (Half  Hours  with  Modern  Scientists,  1871). 
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iHa  and  extending  irregularly  from  ejde  to  Biil«  in 
slender  thrends.  At  some  one  part  the  mass  appears  a  little 
denser  than  at  others,  and  if  the  outline  of  this  tinner  mass  ia 
at  all  well  dellned  it  is  easily  rceognlzed  as  tbe  nudeua  (see 
Fig.  2). 

546.  Circulation  of  protaplasm  in  rells.  Under  a  power  of 
800  diameters  the  delieale  threads  uf  protoplasm  can  he  clearly 
seen  to  have  imbedded  in  them  minute  granules  whicli  are  slowly 
moving.  It  happens  sometimes  that  a  slight  warming  is  re- 
quired before  any  motion  is  apparent.  When  the  current  is  fully 
established,  its  diderent  changes  can  be  watched  for  a  long  time 
without  other  disturbance  of  the  specimen  than  that  resulting 
from  ttie  ad<lition  of  water  to  replace  that  lost  bj-  evaporation. 

Two  features  of  the  motion  require  special  notice:  (1)  the 
granules  do  not  pass  from  one  cell  to  the  contiguous  one,  but 
remain  confined  in  one;  (2)  tbe  threads  in  which  the  granules 
move  gradually  change  their  shape  and  direction,  growing  wider 
in  one  place  and  becoming  narrower  in  another,  while  at  the 
points  of  contact  with  the  lining  of  the  wall  the  threads  seem  to 
slip  or  glide  very  slowly,  and  acenroulations  of  the  protoplasm 
here  and  titers  take  place.  Tbe  movement  of  the  granules  fram 
place  to  place  in  a  steady  current  is  called  the  circulation  of 
])rotoplasin ;  tbo  sluggish  cbaiigca  of  the  threads  as  they  alt«r- 
nalely  increase  and  diminish  in  size  resemble  the  amoclxtid 
movements  (see  SJaandFig.  175). 

547.  In  some  examinations  it  ts  instinctive  to  add  a  very 
little  glycerin  or  sugar  to  the  water  on  the  slide,  in  order  to 
cause  &  slight  contraction  of  tlic  jirotoplasm ;  its  whole  mass 
then  api>eara  as  a  slirimken  sac,  in  the  interior  of  which  the 
circulation  can  be  detected. 

548.  Jn  a  good  specimen  of  the  stamen-hair  of  Trodescantia 
the  protoplasmic  currents  are  seen  to  course  in  slender  thi'eu<Is 
with  a  considerable  degree  of  regnlainty.  In  some  of  the 
threads  or  hands  the  currents  go  in  one  direction,  in  othera  in 
another ;  and  it  occiisionally  happens,  as  Hofmebt«r  bus  pointed 
out,  that  two  opposite  cun-cnts  may  pass  in  a  single  narrow 
channel, 

543.  There  is  more  or  less  accumulation  of  protoplasmic 
matter  in  the  imme<liat«  vicinity  of  the  nucleus,  and  tliere  aro 
genei'ally  some  sliglit  projections  into  the  inteiior  of  the  cell. 
The  rate  of  circulation  appears  to  Ik-  greater  at  the  middle  of 
tiie  threads  than  at  the  sides  or  ends  of  ttie  cell. 

5dO.   If  these  movements  in  a  cell  are  compared  with  tbe 
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movements  exhiliitecl  hy  linked  pixitoptasm,  no  substnntial  dif- 
ference can  Iw  seen  beyond  that  whic-h  depends  upon  the  con* 
flneiiicnt  of  the  mass  in  one  case  within  pi-acticnlly  rigid  walls. 
The  nnked  protoplnsni  inorea  slowly  from  place  to  place,  by 
thrusting  oiil  an  irregular  projection  which  soon  enlarges,  and 
in  its  turn  gives  out  new  projections,  while  the  mass  behind  is 
slowly  moving  tip.  This  movement  is  identical  with  that  observed 
in  the  aratrha.  In  the  substance  of  a  mass  of  nailed  proto- 
plasm gi-annica  can  be  seen  to  move  in  varying  channels ;  and 
this  corresponds  strictly  to  the  movemcTit  known  as  the  cireu- 
lation,  Moi-eover,  in  the  naked  protoplasm  larger  or  smaller 
vacuoles  (nee  120)  are  observed  to  increase  and  diminish  In  size, 
Itieir  limiting  walls  answering  csseutially  to  the  threads  before 
deserilK'd, 

551.  BoUtton  of  protoplasm  In  cells.  The  film  of  protoplasm 
in  contact  with  the  cell-wall  does  not  generally  share  in  tbo 
movement  of  the  softer  part  which  it  encloses,  hut  nsually  re- 
mains entirely  stationary',  or  else  very  slowly  shifts  its  posi- 
tion on  the  wall.  In  some  coses,  however,  the  whole  mass 
of  prirtoplasm  slowlj-  revolves  on  ifs  own  axis,  can-ying  with 
it  nil  imlwdded  matters.  This  movement  should  tic  called 
rotation  ;  but  the  term  is  often  employed  interchaiigealily  with 
circufatioTi. 

5ri2.  Rat«  of  protoplasmic  nioTemenls.  In  the  cells  of  tlia 
shaft  of  any  Chara  which  lias  trauspiirent  walls  —  for  inslance, 
Nitcllft  —  the  rapid  movement  can  be  very  clearly  scon  to  bo 
confined  to  the  interior  of  the  protoplasm,  the  outer  part  in  which 
chlorophyll-granHlos  are  imbedded  not  moving  to  any  groat  ex- 
tent, if  indeed  at  all.  At  its  interior  the  protoplasm  moves  with 
wliat  seems  under  the  microscope  to  Iw  a  very  ra|)id  rate ;  it  is, 
however,  absolutely  very  slow ;  being  only  al)out  one  and  a  half 
millimetci's  per  minute,  at  a  temperature  of  15°  C, 

553.  The  rate  differs  considerably  in  different  plants;  for 
instance,  according  to  several  observers,  the  distance  traversed 
in  one  minute  at  a  temijerature  of  15"  C.  is  as  follows :  — 
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In  the  naked  protoiilasm  of  Myxomj'c«tes  the  rates  of  tnove- 
mc-iit  of  tlie  currents  aru  iiiik-Ii  greater,  as  Elurmeister  shows  hy 
the  rolloKiiig  examples:  — 

Diilymiiini  S«rt>nU 10. 

Phfsaruiu  filKVim fi.« 

£54.  The  above  rates  are  not  constant  even  in  tUe  same  spm- 
roeii;  after  h3vi4ig  hpcn  uiiifurm  for  a  ftw  iniuules,  tbe  rate 
mny  slowly  diiuiiiUh  fur  a  time,  the  temperature  and  other  con- 
ditions rum:iiiiiug  apparently  uncliangeil,  and  then  as  slowly 
increase  until  the  mnsimnm  is  again  rcaclictl.  Again,  the  rate 
is  subject  to  sudden  chanjj^.  In  general,  however,  it  is  nearly 
the  same  Tor  the  same  pari  of  a  given  plant. 

555.  Tbe  amiebolil  moTement  iu  naked  protoplasm  is  rather 
more  sluggish  thnn  the  dreiilaiion,  as  Uiu  rolliiwing  Hgiires  from 
Iluftiieiater  show :  — 

DiJjiiiiain  Serpnla 0.1 

'  Pbjurum  sp. 0.39 

SlmioDitiB  fux'tt 0.15 

The  far  more  rapid  movement  of  riliat^-d  protoplasmic  bodies 
will  be  descrilied  under  "  Movemeuls." 

55G.  The  cITevLs  np.m  protoplasm  of  various  agents  —  for  in- 
staiiee,  heat,  light,  electricity,  etc.  — can  l)e  sUitlied  in  the  aamo 
cells  in  which  the  movemenla  are  observed  ;  in  fact,  their  effects 
u|)on  the  movements  themselves  arc  among  the  most  striking 
[ihenninena  uutlerd.  It  roust  be  remeuibered,  however,  that  in 
experimenting  U|)on  the  protoplasm  in  eoUa  which  arc  furnished 
with  a  cell-wall  and  provided  wtlh  cell-sap,  otlmr  factors  are 
present  than  those  whicii  must  Ik;  taken  into  aeeonut  in  deal- 
ing with  the  naked  protoplasm  of  plasmudia.  .\nd  hence  it  is 
pro|)er  in  most  eases,  in  interpreting  the  results  obtained  in 
experiments  upon  tlio  protoplasm  of  cidls,  to  speak  of  the  effects 
of  the  agents  u|>on  the  cells  themselves. 

557.  Selattoas  of  protoplasm  to  beat.  In  experimenting  npon 
the  effect  of  heat  on  protopla<jm,  the  apparatus  generally  em- 
ployed is  the  so-called  warm  thamlicr.  In  its  simplest  form  tliia 
consists  of  a  hoUow-walled  Imx,  having  a  slit  in  nhieh  a  slide 
can  lie  placed,  and  at  tlic  centre  of  the  upiJcr  and  lower  walla 
holes  of  the  same  size  as  the  largest  diaphragm  of  the  micro- 
scope, so  as  to  nllow  light  to  pass  from  the  mirror  directly 
throngh  the  sliilc  and  theuce  to  the  objective.  Connected  with 
the  box  aro  two  ttdics  to  which  pieces  of  rubber  tubing  may 
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be  atUohetl ;  tbese  pieces  niu  to  a  small  reservoir  of  water  which 
van  lie  bcnlctl  al  plousurc  liy  inoana  of  a  siiii'it^lainj).  as  show 
io  llie  li^un.'.     ISii^jiusc  ii  sUiIu  to  have  upon  it  a  good  8|>ecinicii 
of  n  stttiiicu-hair  ur  Titulescuiitiu,  riiruishcd  with  mifBcieiit  water 
and  pi«piTlj'  L-overeti.     It  is  placed  in  the  oijertiirc  f  of  the 
hollow  ttox,  atid  the  rest  uf  the  sppnintus 
is  Uien  nrmnged  as  shown  in  the  out.     The 
rate  of  circulaliou  of  the  protoplasm  is  non 
carefully    ohservetl,    aud    tha    temperature 
shown  hy  the  tliermometcr  t  is  also  noted. 
With  increments  of  heat  fiom  the  upward 
current   of   nau.'r    through    tho    tube   and 


ich  ^ 


tlinnigh  the  Itox  the  rale  of  the  protnplnsmii!  circnlation  is  in- 
creased. The  nmoimt  of  heat  applied  can  be  easily  rcgidated 
hy  the  height  of  the  reservoir.  If  it  is  ilesiralile  to  observe  the 
effccta  of  cold,  the  n-^ervoir  enn  lie  placed  in  n  vessel  of  ice  and 
raised  bIkjvo  the  singe  of  llio  niicrosto|)C,  so  that  a  cnrrenl  of 
cold  water  can  flow  down  through  the  box. 

5.iS.  Exiwrimi-nls  ui>on  the  effect  of  heat  can  also  be  con- 
veniently conduel*d  hy  means  of  a  less  cx|>ensive  apparatus 
which  eoneists  of  a  douMe-wallcd  box  of  Kiiic  placed  on  firm 
snp[iorte  at  the  height  of  a  few  inches  above  the  table,  and  large 
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enough  to  receive  the  Ixxly  of  the  microscope.  Tbropgh  a  hole 
iu  the  top  of  ILe  l>ox  the  tube  of  the  microscoiie  projeuts  for  a 
short  distance,  and  llie  fi-out  of  the  box  is  funiished  wULi  a  glnsa 
window,  whicli  nlloiils  enough  light  fur  tin.-  mirror.  The  Bpace 
lietween  the  walls  of  tlie  bos  having  been  filled  with  water,  and 
the  ohjeet  placed  on  the  stage  of  the  niicroseoije,  a  lamp  under 
Uie  box  is  lighted,  anil  the  elfecta  of  the  increase  of  temperature 
noted.  It  is  best  in  this  case  to  have  the  thermometer  in  the 
closest  proximity  to  iJie  slide.  It  is  essential  la  the  use  of  both 
these  inslriimeiits  to  note  the  temperature  at  short  intervals, 
and  it  is  only  bv  the  greatest  care  in  ttie  use  of  the  thermometer 
tliat  any  trustworthy  results  can  he  olitained  (see  Fig.  170). 

559.  As  might  be  expecte<^l  from  the  nature  of  beat  as  a  mode 
of  molecular  motion,  the  rat«  of  protoplasmic  movement  is 
accelerated  by  increase  of  temperature  up  to  a  given  point  (the 
optimum) ;  with  increase  beyond  this  point  tiie  movement  may 
continue,  but  with  diminished  rapidity,  imlil  au  upper  limit  of 
temperature  (tlie  maximum)  is  reached,  above  which  no  move- 
ment is  observable.  At  or  very  near  this  limit  structural  changes 
take  place,  and  death  of  the  proto[)lasm  speedily  ensues. 

560.  The  optimum  temperature  for  protoplasmic  movement 
is  different  for  dilTerent  plants,  but  is  not  far  from  37'*. 5  C. 

Dkiaa  of  pluiL  Optlmnra  lainpsntim.  OlxarTei. 

NitBll*  Byncarpt 37^       NoKfli.' 

Cham  fatiila 3il°.l VelleD.* 

V«llUn«ri» spinUiB SS'-iS  ......  "     » 

"        iO"       Sacha.' 

AnBcharis  CnaiiensM  ....     ao^SS Velten.' 

561.  The  maximum  temperature  beyond  which  no  movement 
is  seen,  is  niM  ditferejit  for  differcut  plants,  hut  may  be  given  as 
not  higher  than  50"  C. 

Xaiaa  <>[  iiluil,                                  Mulmum.  Obnrvor. 

Clmm  fiotiilB *2=,81 Velttu." 

Vallianpria  apiralia  .....     45°       •'     * 

*■              ■'       50°       SaclL-j.1 

Sachs '  states  that  when  the  liairs  of  Cucurbita  Pepo  are  im- 
mersed in  water  of  46°  or  47'  C.  the  proloplasniio  movements 
are  arrested  within  two  minutes;  but  that  the  faairs  can  bear 


1  BeitniRB  t.  wUn.  Bdtnnilt.  18(10.  iL  p. 

•  Flora.  lS7il,  p.  177  ((  «j. 

•  Flora.  1884,  p.  5  rt  n^. 

«  Lebrbui!h<lBr  Uotanik,  1874,  p.  700. 
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exposure  for  ten  tnitiiitcs  to  a  tcmperatare  or  49° -50"  in  the  air 
berore  arrest  of  movement  takes  place,  in  Tnulest^nntia  hairs 
the  current  stops  within  three  minnt«s  upon  es|>osiire  in  air  of 
&  temperature  of  49°,  beginning  agaia  nhcD  the  temperature 
fails. 

5C2.  The  lower  limit  (minimum)  of  tem|»ernture  at  which 
motion  takes  place  may  be  Btateil  at  0°  C,  althnn^h  — 2°  has 
hweii  obsen  ed '  In  a  single  plant.  —  Nitella  syncarpa. 

Until  a  temperature  of  at  least  lb"  C.  is  attained,  tlie  iiio\'e- 
ment  is  shiggbh. 

563.  Swttlen  changes  of  temperature  have  been  said  by  some 
Tfritcrs  to  cause  a  temporary  arrest  of  the  pi-otoptasmic  move- 
ment. Thus  de  Vrios'  olisr-ned  that  in  the  root-hain*  of  Ujdro 
charis  Morsus-ranie  the  protoi^losniic  current  at  21°. 7  C.  wan  so 
rapid  that  it  passed  thi'ongh  one  millimeter  in  205  seconds ;  but 
niKin  suildeu  elevation  of  temperature  to  33"  C,  240  seconds 
were  required  for  it  to  traverse  the  same  distance.  And  Hof- 
ineistcr*  found  tljat  the  rapid  movement  in  Nitella  flesilis  was 
arrested  In  two  minutes  when  the  specimen  was  taken  fhim  a 
room  at  I8°.a  to  one  at  5°.  But,  on  the  otlier  hand,  Velten  * 
Ikilcil  to  detetl  sueh  an  effect. 

ri64.  At  or  near  the  maximum  temiierature  remarkable  changes 
take  place  in  the  form  of  the  praLoplasmic  threads  and  films. 
They  become  more  or  less  rounded,  allhough  very  invgulaviy. 
and  may  be  completely  disintegrated.  Such  diangcs  have  been 
noted  by  Max  Schultzo'  at  a  temperaUire  of  about  40°  C.  in 
the  hairs  of  Urtica,  the  stamen-hairs  of  Tradescantia,  and  the 
leaf-cells  of  Vallisncria.  According  to  Kuhne,*  sueh  clmogea 
take  place  witliin  two  minutes  in  the  Plasmodium  of  ^tholium 
septieuro  (sec  MO)  at  a  temperature  of  Si)"  C. :  the  Plasmodium 
of  Didymium  serpula  was  affected  In  the  same  way  at  a  cou< 
aidcrably  lower  point,  namely,  30"  C. 

R65.  When  subjected  to  a  temi>erature  lower  than  the  mini- 
mum for  movement,  the  protoplasmic  mass  may  become  disin- 
tegrated, the  solid  part  separating  from  n  watery  portion,  which 
latter  may  freeze.'    If,  now,  very  gradual  iaci'cments  of  heat 


'  Botati.  Zritung,  ISTl,  p.  723  (Cohn). 
'  Arohiv.  Necrlanilais.'s,  v.,  1870,  p.  886. 

•  Dio  Lolire  von  J-r  POaownaiUo,  1897,  p.  53. 
<  KIoTH,  1878,  J..  213. 

•  Oru  rrDtoplfl-tma  .1.  Bliimpudpn  iin<t  Pll>n;renzdlcii.  ISflS,  p.  18. 

•  rntcraiirlmnKsn  Ulwr  •las  Pmtnplaxros,  l?rtl,  p.  87. 
'  (Jotonuckaiigcn  ilbcr  doa  Pn>to|d»iiua,  1S64,  p.  101. 
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•TO  applied,  the  diaorganized  parts  may  become  reunited,  and 
after  a  wljila  the  movement  may  begin  again.  No  siivh  recovery, 
however,  is  possible  when  tiie  pruto[ita3inic  mass  has  become 
disintegrated  i>y  a  high  tem[>eiature ;  the  change  thus  produced 
18  practically  coagulation.' 

56C.  The  tem[>erature  of  certain  bot  springs  in  which  living 
algffi  have  been  round  allows  Ihiit  iJiutoplasm  can  licar  without 
injnry  a  gi-eatcr  degree  of  heat  tbun  is  indicated  by  the  Sgures 
in  561.  Thns  alguc  have  been  seen  in  the  following  ttieriuol 
waters :  — 

TempantDra.  OUnrvor. 

CftrlslKul 63°.7  C i:olin.» 

I,ip  hUnda  ....     63°.         ....     Hi.|.[».-3«ylur.» 

D»x Sr* Series.* 

Caliromia  Gsywr* .     .     S3°  ....     Brewer.* 

Hoppe-Seyler  found  algoe  growing  on  the  edge  of  a  riimarola 
where  they  were  .sniijeeted  to  a  tem|>eraturo  (from  the  escaping 
vapor)  of  CO".' 

567,  That  the  protoplasm  of  many  kinds  of  seeds  and  siwrea 
can  preserve  its  vitidily  during  exposure  to  dry  air  at  a  tem- 
perature above  that  of  1x)lling  water  has  been  shown  by  raaay 
cxjierimenters  ;^  but  unless  tlie  precaution  is  taken  to  remove 
all  w8t*^T  from  the  seeds  by  very  careful  aud  slow  drying,  any 
tcmi>eratui-e  above  100°  C.  ia  injurious.  Seeds  thus  eontlously 
firued  fhtrn  moisture  hnvo  been  heated  to  110°,  and  even  for  a 
short  time  to  120%  without  losing  their  [Kiwer  of  geruiination 
(sec  also  "GorrainHtion").  Nor  does  Ihoio  seem  to  lie  any  es- 
sential dllference  between  the  seeds  wliich  contain  oils  and  those 
which  contain  slnivh  in  their  cajiac-ity  to  endure  high  tempera- 
tures. Iloirinann'  and  Pasteur*  liave  shown  that  the  vitality  of 
perfectly  dry  sewls  and  sfmi-ea  may  in  some  cases  be  retained 
until  a  temperature  of  130°  C.  is  reached. 

t  Pfrffpr ;  Pnannnphy^jolo^'',  IS8I.  ll.  |i.  38fl.  *  Flora,  18«2.  p.  6S8, 

*  Paiiger'i  Archiv.,  1875,  p.  118.  *  Batau.  Cenlnillilatt,  1680.  p.  SG7. 

*  Am.  Joum.  Sr.  no't  Arts,  !il  <Frip9,  nil  S9L 

*  PnUgft's  ATcliii-.,  1S75,  p.  118. 

A  mnch  higlier  l«nipeniture  U  iioteil  'bj'  Humboldt ;  namplf,  S5*  C.  for  tlia 
hot  Epriog  of  Triuchem,  Caru>^aa.  in  wliiuh  he  Toaiid  the  route  of  certain  pUati 
g">tnag. 

'  Hilne  Edvards  nrnl  Colin  :  Ann.  deaSir.  nut.,  s^r.  2,  tome  i,  1831,  p.  SSI; 
Sachs's  Hindljuch  Air  ExpcrinicntfJ-PhysiulfiKie,  1805,  p.  65  ef  icg. ;  Jilst,  ju 
Cotia's  Beitroge  zur  Diologin  der  PflinieQ,  1S77,  p.  311. 

■  Pnngsheim'i  Jihrb.,  IBfin,  p.  SS4. 

*  Aqd.  d.  Oiimie  et  de  Pliysique,  186S,  p.  M> 
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568.  On  the  other  hand,  the  protoplasm  of  drj'  seeds  can  be 
subjected  to  extremely  low  temperatures  without  suffering  anj- 
injury  (see  "Germination"), 

569.  The  relations  of  protoplasm  to  light  are  best  examined  in 
the  Plasmodia  of  the  mjxomycetes  and  the  hairs  of  Tradescantia, 
for  here  they  are  not  complicated  by  the  presence  of  chlorophyll 
(which,  as  will  be  seen  later,  exerts  a  marked  influence).  Ac- 
cording to  Hofmeister,  plasmodia  thrust  foith  longer  and  more 
numerous  processes  in  darkness  than  in  light.  In  ^thalium  sep- 
ticum  the  processes  developed  in  light  are  short  and  compressed, 
while  those  grown  in  darkness  are  long,  slender,  and  thin.* 
This  is  especiallj*  noticeable  when  the  light  falls  only  on  one 
side  of  the  mass.  In  some  of  Baranetzky's  experiments,^  in 
which  the  incident  rays  of  light  were  parallel  to  the  substratum 
(wet  filtering-paper)  on  which  the  Plasmodium  was  placed,  the 
change  of  form  resulting  from  diminished  extension  on  the 
lighted  side  and  increased  extension  on  the  other  was  very 
marked  after  fifteen  minutes'  exix)sure  to  bright  sunlight,  while 
in  difiTused  light  half  an  hour  was  required  for  a  similar  change. 
These  results  should  be  compared  with  those  obtained  by 
Schleicher,'  who  observed  that  young  plasmodia  move  towards 
light  of  low  intensity,  and  that  older  plasmodia  ma}'  move  even 
towards  strong  light  The  movement  into  bright  light  appeara 
to  just  precede  the  formation  of  the  spores. 

570.  The  more  refrangible  rays  of  light  —  that  is,  the  violet 
and  indigo  —  appear  to  be  more  eflScient  in  influencing  move- 
ment than  are  the  less  refrangible,  —  the  red  and  yellow. 

571.  The  '*  circulation"  of  pix>toplasm  in  plant-hairs  goes  on 
not  only  in  darkness,  but  even  when  the  hairs  are  developed  on 
plants  blanched  by  absence  of  light.*  No  marked  eflfect  upon 
the  rate  of  such  movement  appeal's  to  be  caused  b}*  presence  or 
absence  of  liglit,  except  so  far  as  the  concomitant  action  of  heat 
comes  into  pla\'.    Hofmeister  states  that  he  saw  the  protoplasmic 

*  Die  Lehre  von  der  Pflanzonzelle,  1867,  p.  21. 

*  M^moin*s  de  la  soc.  des  sciences  nat.  de  Cherbourg,  1875,  p.  840.  It  is, 
however,  well  known  that  plasmotlia  often  emerge  slowly  from  their  sub- 
stratum ;  for  instance,  tan,  if  the  surface  is  only  very  faintly  lighted. 

«  Jenaische  Zeitsrhrift,  1878,  p.  620. 

*  Sachs:  Uotan.  Zeit,  1863,  Supplement.  Reinke  :  ibid.,  1871,  p.  797. 
Kraus  :  ibid.,  1876,  p.  504.  Few  observations  have  been  recorded  upon  the 
effect  upon  protoplasmic  movements  of  sudden  changes  of  illumination.  In 
the  rase  of  an  amoeba  (Pelomyxa  ])alustris)  Engelmann  found  that  light, 
and  not  its  sudden  withdrawal,  appeared  to  exert  a  stimulant  effect  (Pfeffer  : 
Pflanzen physiologic,  ii.  p.  387). 
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luovemont  as  distinctly'  in  liairs  which  had  been  derclopcit  in 
(larkacss.  anil  had  rcmuiiicd  without  light  for  thirty  hours,  as  ia 
any  which  had  grown  in  the  o|)ca  da)liglit.  Accurding  tu  Du- 
tro(.-lict,  it  requires  a  willidrawal  of  the  light  for  abont  twenty 
days  to  cause  an  entire  L-t!Ssation  of  tlie  tuuvenicnt  in  Cliara. 

The  effect  of  very  intense  light,  and  the  influeuee  exerted  bv 
it  nixin  |)ruto|)IasiD  (.-ontaining  cliUH'oi>hyll,  will  be  Gxamined 
tinder  "Assimilation." 

6T2.  ReUttoDS  of  protoplasm  lo  electrlcl^.  C'liemical  ehnngts 
within  the  plant  result  in  ihe  production  of  eleclrieid  currents  in 
pi-otoplnsrn  ;  ftt  this  point  it  is  proper  to  examine  briedy  the 
elfeot  produced  upon  protoplasm  by  continued  and  induced 
cniTenls. 

^Vhen  tlie  plasmodium  of  a  myxomycete  is  placed  between 
platinum  electrodes  on  a  gloss  slide  under  the  microscope,  and 
a  current  scul  through  the  mass  from  one  small  Grove  element, 
very  little  if  any  effcet  is  observable;  but  if  the  current  from  a 
few  clenienls  is  employed,  there  ta  at  once  moi'e  or  less  rounding 
of  the  branched  mass,  and  there  may  also  be  a  reversal  of  the 
course  of  the  circulation.  Wlicii  muru  elements  arc  uscti,  the 
protiiplusm  mav  he  killeil.  If  the  [irotoplusui  in  cells  be  experi- 
mented uiion,  nearly  similar  phenomena  are  notiued.  Protoplasm 
ia  not  a  good  conduet'>r  of  electricity.  JUrgcnseii  made  somo 
experimcnls  on  the  action  of  a  current  from  small  Grove  ele< 
mcnts  upon  the  leaf-cells  of  Vallisneria  spiralis.  A  conlinued 
current  from  one  element  did  not  cause  any  appreciable  change 
in  tlic  proloplusnije  movement;  but  when  two,  three,  or  four 
were  employe<i,  the  current  retarded  the  movement,  and  afler 
a  while  complct«lj'  arresteil  it.  In  tliose  eases  where  tlie  niove- 
tneni  hod  l>cen  simply  clie<;ked,  it  was  re-establishcl  in  fidl  in- 
tensity shortly  after  cutting  off  the  rurrent  of  electricity  ;  but  in 
those  where  it  had  been  entirely  stop|>cd,  it  did  not  begin  again. 

■i73.  The  effect  of  an  intei-mpted  current  of  electricity  is 
essentially  the  same  as  that  protluccil  by  mechanical  shock. 
The  protoplasm  generally  contracts  at  cei'tain  i>oints  forming 
small  roundish  musses  in  the  lines  of  tlie  slender  threads,  and 
the  movements  are  arrested. 

574.  llofVncister  states  that  a  constant  current  is  practically 
without  any  influence  ugion  the  ciicuhttoiy  movement  in  the  cells 
of  C'hara,  but  that  the  interniplion  of  the  current  produces 
nearly  the  same  effect  as  a  sudden  nieclinnical  shock  or  a  fhaiii 
change  of  temperature.  He  observed  essentially  the  simie  phe- 
nomena in  the  baira  of  the  nettle,  although  in  these  there  was 
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also  more  or  less  of  the  aggregation  into  rounded  masses  alluded 
to  in  564. 

575.  The  effect  of  mechanical  irritation  upon  protoplasm  in 

plants  can  be  easily  examined  in  cells  or  in  plasmodia.  When 
a  cell  of  Nitella  which  exhibits  rapid  circulation  of  protoplasm 
is  held  somewhat  firmly  by  pressure  on  the  cover-glass,  the 
movement  is  arrested  instantly,  but  after  a  short  time  it  is 
resumed.  Even  in  those  cases  where  the  pressure  has  been 
sufficient  to  disturb  the  arrangement  of  the  chlorophyll  granules, 
the  arrested  motions  are  soon  to  be  seen  again.  For  experi- 
ments u{)on  the  etfect  of  pressure  and  shock,  the  stamen-hairs  of 
Tradescantia  are  even  better  than  cells  of  Nitella  or  Chara, 
for  pressure  brings  about  an  apparent  disintegration  of  the 
threads,  and  all  motion  is  8usi)ended  for  several  minutes ;  but  if 
the  injur}'  has  not  been  too  severe,  it  soon  begins  again.  How 
far  such  injuries  can  be  carried  without  affecting  the  vitality  of 
the  protoplasm,  ma}'  be  seen  from  the  following  observations. 

According  to  Gozzi,*  if  a  cell  of  Chara  is  ligated  ttrml}*,  the 
circulation  is  checked  for  a  short  time,  and  then  begins  in  each 
half  of  the  cell.  It  is  stated  bv  Ilofmeister  tliat  when  a  root- 
hair  of  Hydrocharis  Morsus-ranaj  is  severed,  the  protoplasm  in 
the  cell  remains  motionless  for  a  short  time,  during  which  the 
cut  surface  of  the  cell  is  being  closed  by  a  portion  of  the  proto- 
plasmic mass.  When  the  surface  is  completely  closed,  the  cir- 
culation begins  again  within  the  healed  cell. 

576.  Rosanoff  s  observation,*  which  has  been  repeated  many 
times,  is  of  much  intei-est  in  c*onnection  with  this  subject. 
When  a  cell  from  the  endosperm  of  Ceratophyllum  demersum, 
having  rai)id  circulation  of  protoplasm,  is  placed  under  the  mi- 
croscope, and  a  slight  pressure  is  exerted  on  the  cover-glass 
for  a  moment,  the  circulation  stops  at  once,  the  thick  axile 
threads  of  protoplasm  begin  to  round  at  one  or  more  places,  and 
from  the  aggregations  slight  processes,  somewhat  like  tenta- 
cles, ap|)ear.  After  a  while  these  are  retracted,  and  the  normal 
circulation  is  resumed.  But  sometimes  it  happens  that  these 
tentacles  become  separated  from  the  threads  to  which  they  be- 
long, for  a  time  lie  without  movement  near  them,  and  then 
become  again  confluent  with  them. 

Mechanical  shock  '  causes  the  active  plasmodia  of  the  myxo- 

W^^^^  It  — ~ 

1  Quoted  by  Hofmoistcr  in  Die  Lehre  von  der  Pflanzenzelle,  1867,  p.  50. 

*  Die  I^clire  von  der  Pflanzenzelle,  p.  51. 

*  Hofmeister :  Pfiiuizeozelle,  p.  26. 
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niycetca  to  lieeorac  rounded  into  the  form  of  aomenliat  flalUMied 
drops,  from  whith  slender  branebes  prolrnde  after  a  aliort  time. 
If  pressure  is  now  made  upon  those  (wrtions  of  the  branched 
plasmodintn  in  whieh  cirtiilutioD  is  to  be  seen,  tlio  moTem^nt 
stops  at  onec,  and  is  not  resumed  for  two  or  three  minutes; 
but  after  that  period  of  rest  it  goes  on  as  before.  When  a 
ptasniotlinm  is  cut  in  halves,  llic  cirenbtion  is  to  be  seen  after 
a  while  in  tlie  separated  portions.' 

577.  Belatlons  of  protoplaiim  to  ^RTitatlon.  Concerning  the 
influence  of  gravitation  on  tlic  form  assumeil  by  protoplasm,  it 
Deed  only  be  said  1181*6  that  the  less  dense  plasmodia  appear  some- 
times to  yield  to  this  force.  ButPftlfer"  t'ouml  that  in  a  saturated 
atmospberc  tlic  pl.isino^liumof  j^tbnliimi  moved  in  the  dark  wilii 
equal  fit-edom  whether  the  moist  bibulous  jMipcr  on  nhieh  it  rest(.>(i 
was  held  horizontally  or  vertically  ;  btiasbuigcr '  also  lias  uoted 
the  same  fact.  1 1'  one  i>avt  of  the  paper  is  more  moist  than  au- 
other,  it  is  to  the  very  wet  spot  thai  the  plasmo<lium  «andris. 

578.  BelatloDS  of  protoplasm  to  moisture.  TIte  relations  of 
water  to  tlie  activity  of  protoplasm  are  not  yet  thoroughly  under- 
8to<)d.  It  has  been  seen  (oil)  that  there  is  a  tendency  of  plas> 
niodia  to  move  to  the  points  nbere  there  is  the  most  moisture ; 
and  in  general  it  may  be  said  that  a  large  amount  of  water  is 
favorable  to  all  protoplasmic  movements.  Thus  Uehnecke* 
found  that  tlie  protoplasm  in  the  cells  of  the  collenehyma  of 
Balsamina  exhibited  no  circulation  until  the  section  had  been 
placed  in  water :  anil  Uic  same  phenomena  can  be  shown  in 
sections  of  many  active  plants. 

On  the  other  hand,  Vclten  h.is  shown  that  in  some  cases  tlie 
protopliismie  movement  stoi>a  when  a  planlrlmir  is  plnccd  or  kept 
for  a  time  in  water,  but  is  resumed  if  it  is  transferred  to  a  dilute 
solution  of  gum-arabic,  uUlmiigh  the  protoplasm  was  furnished 
with  a  gi-calcr  supply  of  water  tn  the  former  than  in  the  latter 

579.  .Some  harmless  plasmolytic  agents  (see  p.  27),  for  in- 
stance a  dilute  solution  of  sugar,  addcil  to  the  water  in  which  the 

>  PrdTor :  Pfluiiienplij&iologie,  ii.  3^0. 

*  PfciTcr :  PflanzenpliyiloIo^R,  ii.  3S8. 

*  Wtrkung  iIm  LichWanurSchwinnaiKiren,  lSi8,  p.  71.  Delmnke  {I'l^ber 
nicht  usitnilirende  Chlomphyllkilrper.  18S0)  hns  ahown  that  the  various 
budiea  which  occur  in  pmtaplBsiu  of  cells  —  for  instsrit'e,  chtoro]ihyll  ktiiiiuIfb, 
■tarch-gratiia,  and  tlie  like  -^  hart  n  innrke^t  trndcncy  to  sink  to  that  part  of 
the  cellulose  wall  which  la  lowest.  The  cliangr  nf  pniilinn  takes  place  some- 
times in  a  few  minateii,  souietimes  only  after  Kvenl  ii<iur«. 

*  Flora,  lesi,  u  S. 
U 
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protoplasm  of  the  cells  of  Tradescantia  stamen-liaira  is  exhibit- 
ing rapid  circulation,  cause  an  increase  in  the  rate  of  movement 
This  fact  has  been  considered  to  show,  in  connection  with  the 
cases  mentioned,  that  for  the  most  rapid  circulation  of  proto- 
plasm there  must  be  a  definite  amount  of  water,  —  the  optimum. 

580.  When  any  of  these  plasraolytic  agents  are  used  in  too 
concentrated  a  solution  they  may  exert  a  much  more  marked 
effect  upon  the  protoi>lasmic  contents  of  a  cell ;  not  only  does 
all  movement  cease,  but  the  mass  shrinks  into  small  bulk,  and 
does  not  afterwards  recover  its  former  shape  and  size.  As  a 
result  of  their  action,  two  other  phenomena  are  presented :  (1)  the 
protoplasm  of  one  cell  can  be  seen  in  some  cases  to  be  connected 
through  the  cell-wall  with  the  protoplasm  in  the  adjoining  cell ; 
(2)  "a  change  takes  place  in  the  firmness  or  turgor  of  the  cell- 
wall.  Both  of  these  phenomena  must  receive  attention  at  a  later 
stage.  AVhen  a  cell  containing  living  protoplasm  is  placed  in  a 
harmless  and  dilute  solution  of  an}*  coloring-matter,  for  instance 
logwood,  its  wall  becomes  more  or  less  tinged  by  the  d3*e,  but 
the  protoi)lasm  retains  for  a  while  at  least  its  power  of  move- 
ment, and  does  not  take  up  an}'  of  the  dye.  If,  however,  the 
protoplasmic  mass  is  injureil  or  dead,  it  absorbs  the  coloring- 
matter  with  great  avidit}*. 

581.  Relations  of  protoplasm  to  rarions  gases.  Experiments 
iil)ou  the  eflfects  of  gases  on  the  behavior  of  protoplasm  can 
be  best  conducted  by  means  of  the  simple  gas-chamber  shown 
in  Fig.  195.  A  current  of  the  gas  employed  is  drawn  through 
the  tube  a  by  means  of  an}*  simple  aspirator;  and  in  a  few 
seconds  the  s[)ecimen  previousl}*  placed  upon  the  glass  at  ^, 
and  protected  by  a  cover-glass,  is  thoroughly  surrounded  b}' 
it.  By  the  use  of  this  apparatus  it  has  been  found  that  the 
presence  of  free  oxygen  is  essential  to  protoplasmic  movements. 
Hofmeister  and  Kuhne  have  shown  that  when  this  gas  is  no 
longer  supplied  to  the  protoplasmic  mass  or  to  the  cells  in 
which  the  protoplasm  is  contained,  all  movements  cease.  Thus 
Hofmeister*  found  that  the  circulation  of  Nitella  was  completely 
arrested  in  thirteen  minutes  after  the  air  was  wholly  removed. 
Kiihne^  replaced  by  hydrogen  the  air  in  which  the  hairs  of 
Tradescantia  had  shown  rapid  movement,  and  after  several 
hours  all  motion  was  arrested. 

582.  Corti,^  the  discoverer  of  the  circulation  in  Nitella,  placed 


1  Die  Lehre  von  der  Pflanzenzelle,  p.  49, 

2  Uutcrsuchungen  UbtT  ilas  Protoplasma,  1864,  p.  107. 
'  Meyen :  PflaDzenphysiologie,  ii.  224. 
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cella  In  whicb  tlie  movomenta  were  plainly  Been,  in  olive-oH,  in 
or(l*>r  to  exdmie  the  nir.  A  short  time  after  tliis  was  done  the 
movfuient  stopped.  In  Iloruioister's '  reiietilion  of  Corli'e  ex- 
l>eritiiont  the  arrest  of  the  protoplasmic  ntoveincnt  occurred  in 
Ave  ininiiteB  in  olive-oil ;  after  the  oil  bad  been  carefully  {wured 
oft.  the  moveiDcnta  reeotnnienccil  in  thirty  minutes. 

S83.  Kiihne  cxpcjinient«<l  atao  upon  the  rephu'cment  of  the 
osygen  needfnl  Tor  protoplasmic  mo^'erl)ents  liy  uarlioiiic  acid, 
and  round  this  gas  much  Ixitter  than  oil  fur  exduding  air. 
Upon  ri'moval  of  the  plimt^haira  from  oil,  it  is  difHi-ult  to  take 
away  the  last  trace  of  adhei'cnt  oil. 

b84.  The  ordinary  anursthelics,  chloroform  and  elhcr,  arrest 
the  movements  of  protoplasm.* 

585.  The  strDctare  of  protoplasm.  Having  thus  briefly  ex- 
amined some  of  the  moi-c  striking  phenomena  of  protoplasmic 
movement,  tlic  queetion  must  now  he  asked.  What  is  the  struc- 
ture of  a  substaiit-e  which  exhibits  these  phenomena? 

By  the  highest  power  of  the  microstrope  it  appe.irs  as  a  homo- 
geneous hyaline  mass  holding  in  ils  substance,  but  apparently 
as  foreign  bodies,  very  minute  granules.  But  when  the  proto- 
plasmic matter  is  stiiined  by  the  skitfUl  use  of  pigments,  its 
homogeneous  character  disappears. 

586.  Schmitz  has  conflrmed  and  extended  the  oh8er\-ations 
of  Fi'oramaim,  which  show  that  in  some  cases  at  least  the  pro- 
toplasmic body  is  a  reticulated  framework  of  extremely  delicate 
fibrils,  Ixitween  the  meshes  of  which  is  a  homogeneous  liquid. 
There  Is  unol>stiiicl«d  commnnicalion  between  the  different 
meshes,  bo  that  tlic  whole  of  the  liquid  may  t>c  regarded  as 
prat.'tically  one  mass.  Tiie  network  of  fibrils  does  not  possess 
any  rigidity,  but  is  constantly  niohile  under  favorable  conili- 
tions,  and  uu<lei'gocs  manifolil  changes  of  form.  The  reticulated 
&truuture  is  most  clearl_>'  seen  in  the  parietal  protoplasm,  and  the 
lai^r  bands  of  cells  which  contain  relatively  consideiahk  sap. 

When,  after  hardening,  protoplasm  is  carcftilly  stained  with 
hematoxylin,  the  whole  mass  appears  to  l>e  equally  and  evenly 
colored :  but  it  is  in  reality  only  the  network  which  takes  up  the 
color,  the  liquid  in  the  meshes  remaining  nncolored. 

Imbedded  in  the  i>rotopIasm,  especially  in  the  inner  portions, 
there  are  generally  minute  granules  which  have  a  high  degree 
of  rcft"ingency,  aud  which  stain  verj-  deeply  with  the  dye;  these 
are  the  microsomat-i  of  Ilanstein. 
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•VfT.  Up  to  the  pTP^ient  time  the  micro6c«>pe  ha*  xhA  revrakd 
morr;  than  IhfAe  farlA  respecting  the  intimate  stmctare  of  proto- 
plasm, and  from  these  alone  no  clear  cooceptioo  can  be  formetl 
of  the  me^.-hanics  ^  of  protoplasmic  moTements. 

ipf^.  It  i.%  jnst  at  thU  stage  of  the  inquiry  respecting  the 
ntnu^nrf:  of  prr>toplasm  that  many  have  soi^t  to  apply  an 
hypr>thf;4is  known  as  Nageli*s :  namely,  that  all  organized 
\t(j0\ieH  consist  of  structnral  particles  (termeil  mireS€e)n  each  of 
whidi  Is  in^liviilaally  enveloped  by  a  film  of  water  holding  vari- 
ous fiutMtances  in  solution.  Accenting  to  Nigeti*s  view,  as  origi- 
nally ^iven,  the  micella?  are  never  spherical,  bat  possess  a  true 
crj'Htallinc  charai.'icr,  as  shown  by  the  relations  of  organized 
hoflu^n  to  polarized  light'    These  micelke  are  believed  to  obey 

1  f lofmeixter  regarded  protoplasmic  moremenU  as  dirrctly  drpendt*nt  uf^oa 
cbaogiSH  in  tlie  cmfMicity  of  U\'ing  protojilaAni  for  absorbiiig  vatrr,  shoim  by 
yahmtiu^  vacaoles  (Me  120).  In  tlie  nuus  of  a  plasmodiiiiii,  or  in  the  free 
spores  of  some  algae,  then:  are  generally  to  be  detect««l  easily  under  the  micro- 
ncofte  rnintite  spherical  charities  filled  with  watery  sap  which  are  constantly 
changing  in  size.  Their  rhythm  of  cliange,  or  pulsation,  as  it  is  called,  is  differ- 
ent for  different  plants,  rzrying  from  a  few  secontis  to  as  many  hours.  Their 
increase  in  size  in  usually  gradual  until  the  majcimum  is  reached,  when  sud- 
denly the  cavity  or  vacuole  contracts  even  to  the  point  of  vanishing,  and 
then  it  slowly  begins  to  form  again  at  the  same  place  in  the  mass.  The 
rhythm  of  the  pulsations  can  be  made  to  vary  with  changes  in  the  surround- 
ingH  ;  for  instance,  with  changes  of  temperature,  or  by  the  application  of  dilute 
solutiona,  or  by  any  agent  which  modifies  the  absorptive  power  of  proto- 
plsitm  for  water.  But  these  agents  are  also  efficient  in  controlling  the  rate 
of  protoplasmic  movement.  The  spontaneously  pulsating  vacuoles  appear  to 
indicate  that  the  aljuorptive  jwwer  of  protoplasm  changes  siwntaneously,  and 
is  different  successively  in  different  ports  of  the  mass,  thus  disturbing  the 
equilibrium  of  the  w>ft  mass  sufficiently  to  force  some  portions  from  place 
Vt  pla*^.  But  Hofineister  gave  no  exphination  of  the  cause  of  variations  in 
the  imbibition  power  of  protoplasm. 

«  In  bis  earliest  work  on  the  subject  (Die  Starkekomer,  1858)  Nageli  applied 
the  word  molfculc  (which  had  not  then  obtained  such  general  acceptance  in 
chemistr)'  nnd  physics,  with  a  different  signitication)  to  what  he  now  calls  the 
micelln.  Hi»  hyiwthesis  has  undergone  sundry  changes  from  time  to  time, 
one  of  his  last  imfwrtant  publications  (Thcorie  der  Garung,  1879)  containing 
some  mollifications. 

The  tiTfiiinology  now  proposed  by  Nageli  applies  the  word  pleon  to  those 
aggregates  of  rnolerules  which  cannot  be  increased  or  diminished  without 
changinK  their  chemical  nature  ;  for  instance,  crystals  which  contain  water  of 
crj'stallizfttion  would  be  calle<l  pleons,  for  the  molecule  IL^O  has  a  definite 
numerical  relation  to  the  molecules  of  the  salts,  and  examples  of  similar  pleons 
an;  afforde*!  by  sucli  compoun«l  salts  as  the  alums. 

Compare  with  this  the  following  statement :  — 

"  It  bus  also  been  a  (juestiun  among  chemists  whether  molecular  combination 
was  iK)Hsible  ;  in  other  words,  whether  it  is  possible  for  molecules  of  different 
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the  following  ftttractioiis :  (1)  ttiat  of  cohesion,  by  which  each 
iDdiviilu.ll  micella  is  an  a^regatu  of  molecules;  (2)  that  which 
tefiils  to  bring  niljncen<^  miccllie  together;  (;i)  lliat  of  adhe- 
sion, hy  which  the  suifnces  of  the  mieellte  ivtaiii  theif  dims  of 
water. 

kiiidi  to  combine  chemically,  each  prvaervinj;  iu  integrity  in  llio  cataponml. . . . 
Any  aDtecedHnt  tiuproliability  on  theoretical  groiiuiU  U  far  mura  thuii  oiit- 
wcighrd  by  the  eviiience  of  n  lirgo  niimbcr  of  compounila  vrhiisc  citiAtttutJon 
is  iiicist  simply  expluined  on  the  hypothesis  of  moliiculBr  com l>i nation.  For 
exinpU,  in  the  Frystsllino  salts  it  ia  impo»tib1o  to  doubt  that  tiie  vntex 
eiiots  an  such,  not  an  n  [lart  of  the  salt  moieculv,  but  coiubinnl  with  it  na  « 
whole.  So  nUo  thifn:  >te  a  number  of  ilaiible  salts  whose  constitution  ia  most 
■imply  expiniunl  on  »  siiniUr  hyiKitlieaU"  (Codec's  Chemical  Philosophjf, 
1383,  p.  137). 

The  wotil  nie^la  is  "pplied  by  NdgvU  to  those  oggrcgntes  of  molecules 
whioh  (tike  crystals)  can  inL-rcaae  or  dimiiiish  in  size  nitiiuut  chauging  their 
ehemicnl  nulnre.  The  micfllii  is  assumed  to  bo  much  lurgir  thitn  the  pleon. 
"The  internal  structure  of  the  raiculla  is  crystaUios,  while  the  exterior  may 
usume  any  shnpe."  The  micclim  unite  to  form  mice1Ur«}C);regaIes  ;  of  sach 
the  crysl^iUins  prott<in  gnniiles  alTord  a  gooil  example.  Thus,  according  to 
NiiKcli,  live  terms  must  be  recognizeil,  —  the  atom,  the  molecule,  the  pleon,  Qia 
mioellit,  anil  Ills  micellar  aggivgnte.  PfelTer  applii«  a  general  term,  Tagma,  t« 
all  aggTfgalas  of  moleuulee,  tlio*  bringing  under  one  hunJ  the  plpim,  miucllii, 
and  miccllar  nggre^te  :  anil  lie  appllei  the  nemo  Sipitagnta  to  all  IkhUm  mails 
np  uf  Ingniuta.     The  eiibject  wilt  l«  again  rePerrtnl  to  umler  "Osmosti." 

To  make  clenrer  the  ooticrption  of  a  micella,  it  may  ba  well  to  eiamina 
briefly  two  terras  in  commnn  use  ;  namely,  atom  and  molecule. 

When  a  solid  body,  for  itistunce  a  crystal  of  gmlie  chloride  (common  iait), 
it  median ically  spparn ted  into  the  smallcut  possible  fngnitmts,  each  [Mrticls 
(till  iMsscMes  all  the  pmpprtie]  of  wJL  Beyond  this  mechanicnl  limit  of  *ep*- 
ntion  the  proceas  of  subilivisioQ  may  be  cnrrieil  still  fnrtber  by  solution ; 
th>  rainntest  fragments  of  the  inlt  can  be  broken  up  and  dilfused  through  the 
tolvent,  and  yet  not  lone  their  es.teiitial  character  as  anlt ;  in  fact,  they  can  ba 
agitn  rwavercd  without  change  from,  the  solution.  l)ut  it  is  imiwerible  to  go 
beyond  this  Utter  Umit  of  sejianition  without  al(prin;{  the  essentinl  projiertiea 
of  the  suhstnadA  In  other  words,  by  this  subdiWsion  the  physical  limit  has 
been  reocheil ;  namely,  the  molecule. 

A  ihoIkhIc  Is  andeistood  to  be  the  smallnst  amount  of  any  mbiitanee 
which  can  exist  as  such  in  the  free  state.     Hence  the  molecule  is  the  phyniml 

If,  howerer,  the  snlt  is  snbilivided  by  chemical  meenii,  —  for  instance^  by  tha 
action  of  strong  sulphuric  aciil,  —  its  iiteotity  is  destmyed,  and  its  component 
porta  eiittir  iiLto  new  rehitiooa,  and  cannot  be  rrslored  to  their  original  relations 
cicclit  by  an  excceilingty  camplicatnd  proresi.  In  other  words,  the  physical 
limit  hus  been  oveqwsaud  and  the  cbemicnl  limit  reiu-he<l ;  namrly,  the  atom. 

jilaia  is  i^emlly  dcfinoi  ni  "the  emnlli-st  amount  of  a  given  snbitance 
which  can  exist  in  combination,"  or  "the  !>null«3t  mn*s  of  an  element  that 
MiKts  in  any  molecule."    The  atom  is  the  chemical  unit. 

Atoms  are  variously  combined  to  farm  moleoulea  ;  molecules  are  varionalf 
aggiegatc-l  to  form  mosses. 
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Contiguous  micellae  in  any  organized  substance,  for  instance 
cell-wall  or  starch,  frequently  possess  different  chemical  charac- 
ters, as  is  shown  by  the  fact  that  from  such  a  substance  one  por- 
tion can  be  tjiken  without  materially  disturbing  the  extenial  form. 

589.  By  means  of  the  changes  which  go  on  in  the  formation 
of  new  micellaj,  and  in  their  ruconstruetion,  it  is  sought  to  account 
for  the  nutrition,  growtli,  and  movements  of  oi-ganized  substances. 
This  is  essentially  the  basis  on  which  Engelmann*  founds  his 
explanation  of  the  movements  of  protoplasm.* 

590.  Continaitj  of  protoplasm.  It  was  supposed  until  recently 
that  the  protoplasm  in  one  young  cell  is  wmpletely  shut  off  from 
that  in  contiguous  cells  by  an  imperforate  c^ell-wall,  and  that  even 
in  the  cases  where  the  wall  is  ix»rforate  there  is  no  communi- 
cation of  protoplasm  through  the  pores.  There  is  abundant 
evidence  to  show  the  incorrectness  of  this  view.  In  some  cases 
the  pi-otoplasm  in  one  cell  is  practically  continuous  with  that  in 

1  Hermann's  Handbnch  der  Physiologic,  i.  1879,  p.  374. 

*  The  application  of  this  hypothpsis  by  Sachs  is  given  somewhat  fully  in 
the  following  extract  (Text-book   of  Botany,  2d  Eng.  ed.,   1882,  p.  666)  : 
"Chemical  compounds  of  the  most  vaiious  kinds  meet  between  the  micellds 
of  an  organize<l  iKKly,  so  that  they  act  a{M)n  and  decompose  one  another.     It 
is  certain  that  all  growth  continues  only  so  long  as  the  growing  parts  of  the 
cell  are  ex|)osed  to  atmospheric  air ;  the  oxygen  of  the  air  has  an  oxidizing 
effect  on  the  chemical  compounds  contained  in  the  organized  stnicture  ;  with 
eveiy  act  of  growth  carbon  dioxide  is  pro«luce«l  and  evolved.    The  equilibiium 
of  the  chemical  forces  is  also  continually  disturbed  by  the  necessary  production 
of  heat ;  an<l  this  may  also  l>e  accompanied  by  electrical  action.     The  move- 
ments of  the  atoms  and  molecules  within  a  growing  oi^nized  body  represtnit 
a  definite  amount  of  work,  and  the  equivalent  forces  are  set  free  by  chemical 
changes.     The  essence  of  organization  and  life  lies  in  this  :  —  that  organized 
stnictures  are  capable  of  a  constant  intemnl  change  ;  and  that,  as  long  as  they 
are  in  contact  with  water  and  with  oxygenated  air,  only  a  portion  of  their  forces 
remains  in  equilibrium  even  in  their  interior,  and  determines  the  form  or  frame- 
work of  the  whole  ;  while  new  forces  are  constantly  being  set  free  by  chemical 
changes  l>etween  and  in  the  molecules,  which  forces  in  their  turn  occasion 
further  changes.    This  de}>ends  essentially  on  the  peculiarity  of  miccllar  struc- 
ture, which  |iernuts  dissolved  and  gaseous  (absorbed)  substances  to  penetrate 
from  without  into  every  point  of  the  interior,  and  to  be  again  conveye<l  out- 
wards.    Neither  the  chemical  nor  the  molecular  forces  are  ever  in  equilibnum 
in  the  protoplasm  ;  the  most  various  elementary  substances  are  present  in  it  in 
the  most  various  combinations  ;  fresh  impulses  to  the  disturbance  of  the  internal 
e«|uilibrium  are  constantly  being  given  by  the  chemical  action  of  the  oxygen 
of  the  nir  ;  and  energy'  is  continually  being  set  free  at  the  expense  of  the  proto- 
plasm it«elf,  which  must  leatl  to  the  most  complex  actions  in  a  substance  of  so 
complicated  a  structure.     Every  impulse  frotii  without,  even  when  impercep- 
tible, must  call  forth  a  complicated  play  of  internal  movements,  of  which  we 
are  able  to  jierceive  only  the  ultimate  effect  in  an  external  change  of  form." 
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die  next)  by  means  of  delicate  llircnda  wliicli  pass  through 
pores  in  the  intervening  L'cll-wall.  Uoulitfiil  instances  altorded 
by  the  cribrose-cells  have  been  nlreaity  alliiiled  to  (see  270). 
The  eixlospeiin  cells  of  seeds  of  Strychoos  Nnx-voniiea  afford 
a  well- marked  example  of  the  cases  of  eommunicalioii  between 
colls  of  seeds.  Tangl'  advises  tliat  very  thin  sections  parallel 
to  the  flat  surface  of  the  fleet!  be  shaken  wltli  dilnte  tincttii'e 
of  iodine  or  with  a  solution  of  iodine  in  iixlide  of  [lotassium  for 
almut  five  minutes,  and  then  thoroughly  washed  with  pnre  water. 
The  proto[>lasiniu  and  other  contents  of  the  uuinjiired  cells  will 
then  Rpi»car  as  a  contracted  ball  having  somewhat  the  shape  of 
the  cell.  From  llic  mass  in  one  cell  minute  Ihi-eads  run  through 
pores  or  canals  in  the  wall  to  the  masses  in  the  adjoining  cells, 
anrl  there  is  no  break  in  their  continuity.  In  the  endosperm  of 
the  allied  species,  Slrychnos  putaturum,  TangI  did  not  detect 
canals  of  tlie  obarecter  found  in  S.  Nus-vomica. 

Gardiner'  has  demonstrated  the  existence  of  communication 
between  the  protoplasmic  masses  in  contiguous  cells  of  the  put- 
vini  of  the  leaves  of  some  plants  having  the  power  of  motion. 
When  sections  of  these  leaves  are  placed  in  a  solution  of  a  salt 
which  causes  contraction  of  (he  protoplasm,  the  shrunken  mass 
ja  seen  to  be  connected  witli  the  cell-wall  by  extremely  delicate 
threads  uf  protoplasm.  The  threads  can  be  trai-ed  to  pits  in  the 
wall,  and  lliere  it  con  be  seen  that  tbey  arc  exactly  o|ii)osite  the 
threads  on  the  otiier  side  of  the  wall.  If  the  solution  of  the  salt 
usetl  is  too  strung,  some  of  the  threads  may  lie  niptnred,  and 
then  one  free  end  of  each  tlii-ead  will  retract  to  the  main  mass 
while  its  other  part  goes  to  the  oull-wnll.  If  fresh  sections  avd 
treated  with  strong  picric  acid,  and  then,  allcr  washing  in  uh-o- 
hol,  are  stainetl  with  anilin  blue,  tiie  continuity  of  the  proto- 
plasm in  uninjured  cells  becomes  apparent.  Mimosa  alfoitls 
excellent  material  for  this  purpose. 

Hillhousc*  repoils  shnilur  continuity  of  protoplasm  in  tlie  cortex 
of  t^e  stem  of  Laburnum,  and  in  the  petiole  of  several  leaves. 
The  fresh  material  is  to  be  placed  for  a  few  days  in  absolute 
aloolkul.  and  the  thin  sections  made  from  it  are  to  l>e  treated 
with  dilut«  alcoliol.  The  sections  are  then  to  be  placed  In 
concentrated  snlphuric  acid,  and  after  the  acid  has  removed  the 
cell-wall,  its  excess  is  to  be  withdrawn  by  means  of  a  pipette, 

■  Pringaheim'B  Jnlirliiiclier,  1SS0,  r-  >'<>- 

■  Philosophical  Transii'tiouH  Rovn]  Sociel}:.  1SS3,  elixir.  E17. 

■  Botnniuhw  CentnlbUtl,  188S,  liv.  S»,  ISl. 
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and  the  preparation  very  carefullv  washed.  The  application  of 
strong  gh'cerin  completes  the  treatment.  The  specimen  must 
not  be  removed  from  the  sUde  daring  the  whole  series  of  opera- 
tions. If  the  manipulation  has  been  careful  throughout,  the 
minute  threads  can  be  seen  passing  from  one  mass  of  protoplasm 
to  the  next. 

591.  The  directions  given  b}-  Strasburger  for  demonstrating 
the  continuity'  of  protoplasm  are  as  follows :  From  the  stem  of  a 
dicotyledonous  shrub  or  tree  (the  diameter  of  which  should  be 
at  least  a  centimeter)  the  periderm  is  removed  b\*  a  knife,  and 
very  thin  tangential  longitudinal  sections  are  then  made  through 
the  soft  green  bark.  The  |>areuchyma  cells  which  are  inter- 
mingled with  the  liber  contain  more  or  less  chlorophyll,  and  may 
have  pits,  the  very  smallest  of  which  are  not  boniered  (see  268). 
If  the  first  sections  have  shown  in  any  case  that  these  cells  are 
furnished  with  pits,  others  are  then  prepared  and  placed  at  once 
in  a  drop  of  a  solution  of  iodine  (that  of  iodine  in  an  aqueous 
solution  of  i)Otassic  iodide  is  best).  The  excess  of  the  solution 
is  at  once  removed  and  the  preparation  covered  with  a  glass 
cover.  At  the  edge  of  the  cover-glass  there  h  placed  a  drop 
of  concentrated  sulphuric  acid,  and  by  the  side  of  this  a  couple 
of  drops  of  dilute  sulphuric  acid ;  when  these  are  mingled  the 
mixture  is  allowed  to  flow  under  the  cover-glass,  while  a  bit  of 
filtering-paper  on  the  other  edge  of  the  glass  draws  it  through. 
The  specimen  becomes  dark  blue.  If  the  color  is  deep,  the  cover- 
glass  is  cautiously*  lifted  and  the  preparation  is  then  thoroughly 
but  carefully  washed  in  water.  Alter  this  washing,  a  drop  of 
a  solution  of  anilin  blue  is  added,  whereby  the  object  becomes 
stained ;  then,  after  washing  again,  a  little  glycerin  ^  is  added, 
and  the  cover-glass  is  fastened  down  with  some  cement.  For 
the  examination  of  the  S|)ecimeu  the  strongest  objectives  —  pref- 
erably the  so-called  *'  homogeneous  immersion,"  employed  with 
oedar-oil  —  are  indisi>ensal)le. 

Under  a  sufficientl3'  high  |)ower  the  middle  lamella  of  the  wall 
is  seen  to  be  somewhat  swollen,  while  the  contents  of  the  cells 
are  contracted  and  colored.  The  peripherj*  of  the  individual 
protoplasmic  masses  in  the  cells  of  the  cortical  parenchyma  is 
smooth  on  that  face  which  was  in  contact  with  the  cell-wall  hav- 
ing very  small  pits ;  but  it  has  minute  protrusions  on  that  face 
which  was  next  the  bordered  pits.  Moreover,  tlic  pix)trusions 
in  contiguous  cells  are  exactly  op[K)site  each  other.     Between 

'  Strasburger  advises  the  addition  of  a  little  anilin  blue  to  the  glycerin. 
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(be  prutrusious  nt  tbe  bonK-rud  pita  lliine  cxtciKl  uxlivmeiy  dtli- 
cate  tbreads  of  protoplasm  which  liave  a  granular  character. 
Tbe  tlireads  are  somenliiit  curved  (esjiecially  tlie  outei'  ones), 
and  are  elightl.v  swollen  in  Ilie  miildlc.  In  peculiarly'  good 
]trepa radons  it  has  been  bhown  thai  there  is  an  apparent  iutei-- 
mption  at  the  middle  of  their  course,  but  that  at  tliis  break 
there  sro  still  minute  filaments  nliiuh  serve  tu  connect  them. 
From  these  and  kindre<l  observations  Strashnrger  and  some 
Othera  Imvc  adopted  the  view  that  there  is  sneli  a  degree  o[ 
vontinnity  between  the  protoplttsmiu  masses  in  the  cells  that 
they  form  thi'oughout  the  plant  an  unbroken  whole.' 

592.  That  protoplasm  may  perhaps  oi;cur  in  intercellular  spaces 
Bpp<tars  from  the  observations  of  Russow  '  ami  of  Bertliold.'  To 
demonstrate  this,  one-year-old  twigs  of  Ligustrum  vulgare  an 
hardened  for  a  few  days  in  absolute  alcohol,  longitudinal  sections 
of  the  jirimary  cortex  placed  iu  dilute  iodine  solution  (see  30), 
tlie  excess  of  iodine  removed,  and  dilute  sulphuric  acid  added. 
The  C'ontents  of  the  cells  and  of  the  intercellular  spaces  will  then 
appear  as  3'el  low  ish- brown  masses. 

593.  That  protoplasm  can  in  some  cases  pass  tiirough  an  im- 
perforate cell-wait  appears  from  the  observation  of  Coruu,*  that 
in  the  formation  of  the  macrocunidia  of  a  certain  Neclria  all  the 
prolo|)lasm  of  the  live  or  six  cells  of  the  siKii-e  emerges  to  form 
the  maiToconidium,  which  arises  as  an  outgrowth  of  one  of  the 
cells  of  the  bi>oi-c.  The  four  or  five  partition- walls  through  which 
the  protoplasm  must  pass  arc,  however,  neither  dissolved  nor 
perforated. 

It  is  probable  that  a  striking  phenomenon  of  fertilization  in 
phtcnogams,  namely,  the  complete  emptying  of  the  [lollen-tube 
of  its  protoplasm  (see  ■■Fertilization")  without  apparent  break 
In  the  contiimity  of  the  wall,  must  be  referred  to  the  same  pene- 
trative power  of  protoplasm. 

The  withdrawal  of  the  principal  part  of  the  protoplasmic 
matters  from  deciduous  leaves  before  the  fall  of  the  leaf  maj'  be 
perhaps  explained  in  the  same  way. 

Ktr.oshurger  cites  as  an  illustration  of  this  penetrative  [wwer 
the  well-known  case  of  tbe  removal  of  protoplasmic  matters 

'  Ua»  boiniiischi-  PrBcti(:aiii,  1S8I,  p.  617- 
tbum  lUi  Zellhaute.  IgSS,  p.  2«S.  Fromnmiiii 
do  Protiiplnuim  der  Pn<inzeiiz«llrn.  ISHO. 

■  Siti.  der  Dorpaler  XaturTorsehcir-GiuirllMlinft,  1882,  p.  19. 

*  Benulite  dnr  dcuUcliEn  buUuiwben  GBwIlauhkn,  ii.  20. 

^  '^euiptAa  Bcudu^  1877,  toioe  Izixir.  y.  133. 
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from  the  (*ells  around  the  buds  which  form  on  the  incised  leaves 
of  Begouia.* 

594.  The  relstlons  of  the  cell- wall  to  protoplasM  are  not  yet 
fulh'  uiidoi*st(>(Hl ;  and  in  ri^ganl  to  some  of  them  there  exists 
among  botanists  considerable  diversity  of  opinion.  The  two 
principal  views  ai*e  the  following:  1.  The  eelUwall  is  formed 
b}'  the  solidification  u|>on  the  exterior  of  a  protoplasmic  mass, 
of  matt4*i*s  previously  dissolve<l  in  it.  The  |)ellicle  thus  pro- 
duced is  regaixletl  as  a  sort  of  excretion  (since  in  most  cases  it 
is  not  again  to  be  dissolved  and  employed  by  the  oi^nism)  or 
as  a  secretion  (^because  in  a  few  instances  it  can  be  dissolved 
and  utilized  a  second  time  by  the  plant).  The  substanc-e  calla- 
ble of  thus  solidifving  uix>n  the  surface  of  protoplasm  consists  of 
cellulose  combined  with  water  atxi  a  small  amount  of  incombus- 
tible mattei-s,  but  it  is  not  iK)sitiveIy  known  in  what  condition 
these  were  previously  conibincnl  in  the  pix>toplasm.  2.  The 
cell- wall  may  ha  reganle^l  as  directly  pro<luced  by  a  conversion 
of  the  outer  lilm  of  protoplasm  into  cellulose  with  which  some 
other  matters  are  intermingkHl.' 

l)\)o.  The  young  cell- wall '  is  practically  a  homogeneous  film  of 
cellulose,  which  siieeilily  undergtK's  changes  l>oth  in  its  chemical 
and  physical  character.  In  many  of  the  lower  plants  the  wall 
differs  in  some  particulars  from  that  found  in  the  higher  plants 
(see  p.  21)),  but  the  differences  need  not  enter  into  tlie  present 
descri[>tion. 

5\)i).  Two  views  are  held  res|)ecting  the  »ode  of  growth  of 
the  cell-wall.  The  first  may  Ih?  regarde<i  as  base<l  upon  the 
hyix>thesis  of  Niigeli  spoken  of  in  .">8S.  From  some  of  the  mate- 
rials hehl  dissolved  in  the  adherent  film  of  water  around  each 
micella  new  micelhe  of  cellulose  are  supiiosed  to  be  produced, 


^  "That  protoplasm  cnii  ftass  through  closed  cell- walU  is  beyond  doabt " 
(Vines,  note  to  secoml  e»iition  of  S;ich3*s  Tcxt-Uxik,  p.  946). 

*  The  view  that  o'lliilo:>e  is  a  kiihl  of  secretion  id  8tut«'d  at  great  length  in 
Hofmi'ist*T's  Pllanzt-n/rlle,  an<l  in  several  communications  by  Sachs  in  B«>tJi- 
iiisclie  /.vituw^.  The  wcund  view  is  jjivcn  by  Schmitz,  Sitz.  der  niederrfael- 
nisclicn  Gesi-Ilsihaft  fiir  Natur-  und  Heilkunde,  I^)nn,  1880.  He  basies  hia 
opinion  largely  u|»on  the  fact  that  in  some  cases  the  cells  gradually  become 
emptiitl  of  protoplasm  as  the  anmunt  of  cfll-wall  increa>e3,  and  ui»on  the  phe- 
nomena wliich  Httcml  tho  incH*a.M*  of  the  cell- wall  in  thickness. 

•  It  was  l>«'licvctl  by  s:»mc  i>f  the  earlier  phytotomists  that  the  cell-wall  was 
a  close,  firm  network  of  extreinrlv  fine  fibres,  while  others  held  it  to  be  Gom« 
po8e<l  of  minute  gi-anules.  In  these  explanations  of  stnioture  it  ^"as  confessed 
that  tlie  ultimate  fibres,  or  ultimate  granules,  lie  quite  beyond  the  reach  of  the 
highest  powers  of  the  microscope. 
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vhirb  are  tntcrpolaU-d  tictwccn  the  old.  Ttiia  Ui  llic  tntuasua- 
L-e]it(on  llii-orj'.  U  lias  gi'adiiull.v  displaced  an  older  theory, 
nninely,  that  uf  gi'onth  I)y  a|)iiositiuii.  As  ihu  uldoi'  theory  nas 
usually  held,  it  present^l  two  nioililiontioim,'  —  one  thiit  the 
growth  of  a  cell-wall  in  thickness  Uikes  [dace  on  the  exterior  of 
Uie  D'oll,  so  that  id  a  stratilicd  wall  all  the  outermost  [Wrtiona 
ftre  the  newer ;  the  other,  that  all  tlit:  new  matter  is  laid  down 
uihin  the  interior  of  tlie  old. 

Tlie  apposition  tlieoiy  has  recently  atti'act«.-d  inueh  attention 
ttom  the  studies  of  Sehmitz,  and  from  iU  adoption  am)  advocacy 
by  Straaburger.*  Aa  now  held  liy  these  anUioi's.  the  vitw  is  this : 
stratiGed  and  otlier  cell-walla  grow  in  tliiokneas  Ijy  the  deposi- 
tion of  new  particles  upon  the  inner  faee  of  the  cell,  much  as  a 
crystal  nilds  new  parlitles  to  itself;  growlh  in  snrfaee  is  the  result 
of  ft  simple  atreUhlng  of  the  wall  Uy  the  pi-essure  of  the  c-oOr 
tents  upon  it. 

Any  solution  which  causes  a  shrinking  of  the  contents  of  tlie 
cell,  and  thus  diminishes  the  pressure  on  the  wall,  may  ranse 
a  diminution  of  the  size  of  the  cell  itself.  The  bearing  of  tiiis 
upon  the  tui^acenee  of  Ihe  cell  will  lie  again  adverted  to  under 
'*  I'ropertiee  of  New  Cells  and  Tissues." 

To  llie  physieat  characlei-s  of  cellulose  already  mcntioucd 
(see  129).  may  now  he  added  that  proju-rty  which  is  i>osscascd 
also  by  many  otlier  organized  aubstsnces;  namely,  that  of  swell- 
ing greatly  when  placed  in  waU-r.  The  wall  of  a  living  and  active 
cell  is  of  course  moist,  and  lis  im-reasc  hi  size  on  the  addition  of 
more  water  U  seldom  marked ;  but  nniier  certain  cirLtimstancea 
the  aniomit  of  water  in  the  (vll-wall  even  of  an  active  ecU  may 
fall  below  its  usual  nmonnt,  and  then  tlic  application  of  water 
will  cause  an  appivcialile  change  of  bulk.  Such  change  in  tho 
amount  of  water  may  take  plnee  wilh  great  rapidity  upon 
slight  esteriial  disturbances,  such  as  shock :  in  those  cases,  tlie 
amnuiit  of  water  in  the  protoplasm  in  L-onlact  is  <<orres|iondiiigly 
modi  led. 

697.  Historical  note  rvfardtntr  protoplasm.  The  word  proto- 
fUaam  appears  lirst  in  a  nicmoir  by  Mold,  in  18in,  "On  the 
Movement  of  Sap  in  the  Interior  of  Cells,"  which  deals,  however, 


'  For  an  account  of  the  two  Biodificntians  of  tbe  npiwition  lliiwry.  Iht 
■birlt-tit  is  rarrnnl  to  Hnrting'i  pngwr,  transUtcil  in  Uihikx,  ISIfl.  «n<I  Uolil'i, 
in  Butntiiwlic  ZeiinnK,  IStfl.  A  fiiir  sUti-mrut  of  Uic  flnt  modlficfttioa  ii 
pnsentfJ  in  MuUer's  Phfsiolcfncnl  CliEnibiry. 

*  Stnubiu^ger :  Bun  utid  VVidutliuiu  der  Zellhiatr,  IMS. 
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not  so  raucli  with  the  movement  of  wliat  would  to-cla}*  be  called 
cell-snp,  as  witii  tiie  general  l>ehavior  of  all  the  motile  contents 
of  active  vegetable  cells.  Aft^r  showing  that  his  predecessors 
had  not  clearly  understood  the  im|x>rtant  part  plaj'ed  in  the  lif^ 
of  the  cell  b}*  the  viscous  muttiT  known  vaguel}'  up  to  that  time 
as  schleim,  or  mucus,  Mohl  points  out  the  essential  identity  of 
the  nucleus,  primordial  utricle,  and  the  basic  substance  filling  all 
but  the  sap-cavities  of  the  cell.  For  the  substance  which  is 
essential  to  the  formation  of  every  new  cell  and  to  the  develoj)- 
ment  cf  newly  formed  cells  he  proposed,  upon  phjsiologioil 
grounds,  the  significant  name  protoplasmn , 

For  convenience  of  reference,  the  paragi-aph  in  which  the  word 
is  first  employed  is  here  given  :  — 

•*  Da  wie  schon  bemerkt  diese  ziihe  Flussigkeit  iiberall,  wo  Zellen 
entstehen  sollen,  den  ersteii,  die  Iviinftig^n  Zellen  audeutcnden  festen 
Bildungen  voi-ausgeht,  da  wir  fcriicr  annehmen  miissen,  dass  dieselbe 
das  Material  fiir  die  Bildung  des  Nucleus  uud  des  Primordialschlauches 
liefert,  indcm  diese  nicht  nur  iu  der  ndchsten  raumlichen  Vcrbinduiig 
mit  derselbeu  stchen,  sondeni  audi  auf  Jod  auf  analoge  Weise  reagiren, 
dass  also  ihrc  Organisation  der  Proce<;8  ist,  welclicr  die  Entstehuu};^  der 
neucn  Zrllo  eiuleitetf  so  mag  es  wohl  gerechtfertigt  sein,  wenu  ich  zur 
Bezeiclmung  dicscr  Substauz  eine  auf  diese  ])hysiologische  Fuuctioa 
Bich  iK'zieheude  Bcneuuung  iu  dem  Worte  Protoplasma  vorschlage."  * 

In  1835  Dujardin  descril>ed  a  contractile  substance  capable  of 
BiK)ntaneons  movement  in  certain  of  the  h>wer  animals,  to  which 
he  gave  the  name  barcode.  The  identity  of  sarcodc  with  that 
substance  which  forms  the  essential  body  of  animal  cells  and 
with  the  protoplasm  of  vegetable  cells  was  8uggeste<l  by  several 
investigators  and  finally  dcmonstnited  by  Max  Schultzo  in  1861.* 

Schwann,  even  as  early  as  1839,  [minted  out  various  analogies 
and  homologies  between  animal  and  vegetable  cells,  and  enun- 
ciated the  following  proposition :  animal  cells  arc  completely 
analogous  to  vegetal )le  cells,  and  are  quite  as  independent  in 
their  mode  of  growth.  The  bearing  of  Schultze's  demonstra- 
tion upon  the  foregoing  proposition  is  obvious.  Schwann 
instituted  also  certain  comparisons  bi'tween  the  mode  of  forma- 
tion of  cells  and  that  of  crystals  ("-Microscopical  Kesearches 
into  the  Accordance  in  the  Structure  and  (jlrowth  of  Animals 
and  Plants."  translated  by  Henry  Smith  for  the  Sydenham 
Society,  1847). 


1  Botanis^'ln'  Z«-itMn<j,  1.S4J),  j».  75. 

^  Archiv  fiir  Aii.'itomif,  Physiologic,  und  wiss.  Mcdiein,  1861»  pp.  1-27,  and 
Das  Protopla;in)a  der  Kliizopodcn  und  der  Pflanzt-nzelleu,  Lei[>zig,  1868. 
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DIPPUSIOS,   OSMOSIS,    AND    ABSORPTION    OF   LIQUrOS. 
DIFFUSION   AND  OSMOSIS. 

(}9S.  Wats  two  liquids  whii-li  are  nnt  miscible  —  for  iasUiice, 
oil  and  waler  —  are  abakeii  together,  and  then  led  at  rest,  tbey 
will  separate  sooner  or  later,  at-coi-diiig  to  iheir  specific  gravity. 
But  if  two  miscibte  liquids  are  shaken  U^ther,  they  reninin  as  a 
homogeneous  mixture  no  matter  what  their  specilic  gravity  may 
be.  Also  when  t<vo  iniacible  liqnids  ai-e  Icit  in  contad,,  witlioiit 
any  agitation  the}'  iKeonie  tborougiily  comminglcil,  and  coiifitilute 
a  unirorm  mixture;  this  unirorm  commingliug  of  two  or  more 
misdbic  fluids  is  tcrmc*}  diffution.^ 

59i).  Furthermore,  if  two  misciblc  liquids  arc  separated  by 
a  membrane  wliieh  eaii  be  moistened  by  them,  they  will  difl'use 
thmugh  it  and  make  a  uniform  mixture.  Tliis  latter  kind  of 
diffiision,  in  whicii  tlie  contact  lielweeu  the  two  liquids  is  not 
dir«ct,  but  takes  place  through  a  septum  of  some  substance,  w 
known  as  osmosis.  In  the  jilant  and  in  its  surroundings  the 
two  kinds  of  dilTusioti  piny  such  au  important  part  that  they 
must  receive  special  attention. 

600.  Diffnsion  of  llqalds.  The  rate  of  diffusion  varies  witii 
the  nature  of  the  liquids  and  the  tcmperaUire.  The  statements  io 
the  following  paragraphs  are  substantially  as  given  by  Graham.' 

1  PraunJIer  apjilics  this  tenu  to  the  comiuingling  whidher  it  ia  or  is  not 
brongbt  about  by  agLtiilion  (Milllrr'i  Lehrbuch,  1877,  i.  163). 

■  They  are  baseil  u|inn  two  aeriea  of  experiments  conduct^  with  rery  idro- 
pl«  apiKnitus.  In  Hm  lirnt  series  a  amall.  wide-mootlinl  vUl  contHJiiing  oim 
1i<iuid  wu  !>lBced  in  a  jar  holiliii^  tlie  other  liquid,  allowol  lo  stand  ■  few 
day*,  withdrawn,  and  the  aniouiit  of  diffiuion  not«d.  lu  tlix  se<:iinil  avries 
Graham  jiuraunl  iho  plan  of  phuiii^  in  a  cylindrical  glau  jar,  132  mm.  high 
and  87  nini.  « ido,  iwvrii  trnlha  of  a  liter  of  pare  water,  and  then  ramrully  enr- 
rying  to  the  bottom  of  the  jar,  by  nmus  ur  a  Hne  pipette,  on«  Unlh  of  a  liEar 
of  tlie  li'inid  to  !«  diHuaed.  The  Jar  wna  then  left  at  re^t  tn  an  ajiartmcnt 
where  llie  teuipcmtim  wan  nearly  conatant.  and  afu-r  a  i^rt^in  time  ila  uoulenta 
were  dtawu  u^  i-nrefully  in  portions  of  fiDy  oubic  oentiinetera,  each  portion 
tnfonitti  aepKnitely,  and  the  Rodoe  witiajning  after  enpoiation  wirighed. 
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601.  DiHeroiit  shIU  in  solutions  of  equul  sti-cngtli  difl'iise  in 
anequal  limes.  Tims  iJotassk*  hydrate  ditTiiscH  will)  dunlite  llic 
rate  of  potassic  sulpliale,  nnd  tiie  latter  vrilh  doulilc  tlio  rate 
of  c-ryBtallizod  sugar.  But  ttieso  siilistrinLes  Imvo  a  contpara- 
tively  high  rate  ut  dilfutiion.  A  solution  of  oarsuR'l  (sugar 
heated  till  it  bcL-omes  brown)  ditTusfs  very  alowlj' ;  the  sugar  in 
tliis  case  lias  Ix-en  bo  uhaiiged  in  its  churaeter  that  its  rate  of 
dlHbsion  has  lieeu  reduced  I'roni  a  high  to  a  very  low  one.  Gela- 
tin may  be  taken  as  tlic  ■'ejiresentativu  of  the  almost  "fixed"  or 
slowly  dilTusilile  class  of  sulistances  ;  most  crystalline  substances, 
as  rt'prestntativea  of  the  highly  dilfusihle  class.  The  former  are 
voUei-tively  known  as  colloids  (loUa.  glne),  the  latter  as  crystal- 
loids. It  niiisl  be  noted  that  Graliam's  use  of  this  word  '*er\^- 
tallotd"  is  diRcrent  from  that  in  which  it  has  been  employed  in 
speaking  of  the  protein  bodies  (177). 

G02.  With  each  salt  Uiu  i-atc  of  difTusion  inci-eases  at  a 
slightly  higher  rate  than   the  temperature  of  the  soluiion. 

605.  The  meinlwrs  of  certain  chemical  groups  are  equally  dif- 
fiisible.  Thus  h^drochhiiic,  li\ drubroinic,  and  bydriodic  acids ; 
tiie  chlorides,  bnimides,  and  iotlides  of  the  alkaline  metals,  etc., 
have  equal  rates  of  diffusion  into  pure  water. 

604.  The  dilfusiou  of  a  solution  of  a  salt  into  tlie  dilute  solution 
of  another  salt  lakes  place  nearly  as  rapidly  as  into  pure  water  : 


The  diff^^rrnei!  in  thv  ntrs  of  diirusiuii  uf  Ua  per  i^ent  Bolutiuni  of  lUlTrrrnt 
subslanvci  ex|wrimeiiinl  ujwn  iu  the  mauoer  dfKribetl  on  Uie  jirpuediDg  ptge 
is  clearly  bIiowil  by  the  miiu'ivl  Uhlc. 


NniDbBr.ir.lr.lou.  from  Kl»te 

c.a. 

Sugu.            o 

.-. 

Tunln. 

IM 

'.am 

.*» 

.nil 

sain 

MS 
.0U8 
.OU 

.oie 

.IIB 

.iin 

.300 

107B 

1.43S              1 
l.TM              1 
»TB3              C 

MS 

M7 
107 

m 

.OM 

.va 

'.on 
.«» 

.lU 

.ns 

10 

».w 

B.ins 

io.m          e 

m 

»-m 

The  fint  aenei  ot  ciperiments  are  described  in  PhilDSophicml  TmnwcUona, 
16S0;  thewcond,  in  1861. 
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but  if  tlie  second  edIuUoii  contains  some  of  Uie  salt,  like  that  in 
tlio  first  sutiitioii,  thr  rate  ut' ililfusion  is  i-otor>lod. 

605.  The  rate  willi  wliich  a  salt  passes  Iroin  a  stronger  into 
a  more  ililute  solution  is  nearly  ]>r<)i>orttoiinl  to  tlic  de^pi^  of 
eon  cent  ration.  The  approxtuiate  times  lequireil  for  the  diffu- 
sion of  equal  weights  of  various  substances  into  water  are  given 
iu  the  following  table :  — 

Hydrochluric  acid I> 

Soilic  (;hlori.lE 2.33 

.   HufntPBic  Milpliatfl 7. 

Canc-sufpr 7. 

Albumin 49. 

Caniuxl B8. 

606,  Of  the  colloids.  Grahnm  says:'  "Low  diffusihilitr  is 
not  the  only  praporty  whidi  the  bodies  last  enumeratt^  posM^ss 
in  coinraon.  .  .  .  Although  often  largely  soluble  in  wiiter,  they 


1  Philosophiual  TraiiMctions,  1S9I. 

Gnbnm  uy»  turther :  "AUboughchotnimlly  inert  ttt  the  mdinarjr  aeiia^ 
colloiiU  iMHWaa  ■  uuiupciuBEinK  iwUnty  of  tlivir  own  uriiiinK  out  tit  ihiit 
physical  proivrtin.  While  the  rigiiiity  of  the  cryatalliuv  strucrturD  shut*  out 
MUmil  itiiprcasious,  the  aortncn  of  thu  grlntinuuk  colloid  partake*  of  Ruiilitj, 
And  eaalili-B  tliu  colloid  to  twcome  h  nieiliniii  for  li'iuiJ  diffunLon,  like  witcr 
itauir.  The  tante  priietnibility  ■ppcan  lo  Uke  the  ToTm  of  cementation  in  aueh 
ooHoidB  a«  can  exist  at  ■  hiffh  t«m[viatura.  Heiiix  ■  wiil«  wneilality  on  the 
part  of  collaida  to  Mtenial  i^atB.  Another  ■»  J  eniiiirntly  chanclerintic  qual- 
ity of  cotlniiLi  is  thvir  iniitalnKty.  Their  exiateoiK  is  a  contianeil  nietwtuis. 
A  eolloid  inay  be  comjiarnl  in  thia  n-specl  to  watrr  while  existiug  liquid  at  • 
tnnpenitnn  undrr  its  nrnul  fmdng  {mint,  or  tA  a  sapmalnnited  iialtne  sola- 
tion.  Fluid  ixilluid*  apiicar  lo  har«  alwayi  a  [•frtoiu  inodilication  {tifrTit, 
anrdliKl),  u  fibno,  oHH'in,  albumin.  But  certain  licjnid  colloid  Bubi>t«ncea  an 
ea[Htble  of  furmiufj  a  jutly,  and  yet  still  niniaiii  lii[iietliible  by  h»t  uid  solubla 
in  water.  Such  is  gelatin  ilHlf.  which  in  not  [tn'Eaus  in  the  eoDditioii  of  ani< 
mal  jelly,  but  may  1»  h  »a  it  exiat*  in  the  grUtireroui  tissues.  Colloida 
often  pass  under  the  slighteat  inllnifui'M  from  the  flret  into  the  sarond  condi- 
tion. The  lolution  of  hydrated  silicic  acid,  for  inaiance,  ii  Family  obtained  ia 
a  state  of  purity,  but  it  cannot  b«  [irMerved.  It  niny  remain  fluid  for  daya  or 
weeka  in  a  sealed  tube,  but  ii  mm  to  gebilinuM  and  become  inxolublc  at  lost. 
Nor  does  tlio  change  of  this  colloid  npiwar  to  atop  at  that  point.  For  the 
mineral  forms  of  nilicic  avid,  dciiotited  fVom  water,  such  as  flint,  ar^  often 
fonnd  to  have  pawed  during  the  (pmlai{ical  afips  of  their  Biistei.ca.  from  the 
vitreous  or  colloidal  into  the  crystalline  condition  (H.  Rose).  The  colloidal 
ia,  in  fact,  a  dynamicnt  statu  of  matter ;  the  orystalloidal  IvinK  the  etaliod 
condition.  The  Mlloid  poaeascs  energia.  It  may  be  look»l  npon  aa  the 
probable  priinaiy  source  of  tb*  fore*  n|p|WMrin)t  in  tli*  jihenomens  of  ritslity. 
To  the  gmdiial  manner  in  which  colloidal  chang-'s  lake  place  (for  Ihey  always 
demand  time  as  an  element),  may  the  characteristic  protraction  of  c 
rrganic  changs*  also  be  iwfnred." 
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■re  belli  fn  HOlution  by  a  most  Teelile  foir*.  Tbey  a[ipear  oinga- 
Inrlj'  inprl  lii  tli«  cnjuicity  of  acids  an<]  baiw».  aiKl  in  all  Lbe  on]i- 
narv  c-hfmica!  rclntHnis.  But,  on  tlit  oilier  band,  tlieir  p^t-uliar 
])liy)iicid  aggn-gut'ion  irilh  tbe  L-h<^niii-al  iiidilTeruncc  refprrcd  1o, 
RplN'nrH  lo  Iki  ri^^iiin-d  in  substances  thai  cap  intervene  in  llio 
organic  processca  of  life.  The  plastic  elemcuts  of  lbe  aHinial 
IxkIj-  are  foimd  In  thin  class." 

607.  Omdiomi  or  OmbiohI*.  DitTbsiou  of  liqnitU  throiigb  mem- 
liranes.  The  iiiler|Kisitiun  of  a  ((crtnealile  se|Hiini  l>i'tween  niia- 
dble  liqiiidri  doea  not  prevent  dillbaiun,  Tbiis  it  a  solution  of 
Hodic  t'likiridc  is  aepamted  t'l-oni  pun.*  urater  liy  an  inlerveuing 
rnetnbrane,  as  one  of  bladder  or  of  vegelnble  pnrehnient  (see 
page  S2),  dltruaioti  ta^ea  place  in  atwut  the  eauie  time  as  if  no 
menibrnne  were  pivseiit 

(J08.  For  moHt  ex|M'riiucnl»  in  osmosis  lbe  simple  apparatus 
known  an  an  ueraomeler  nusffers  viTy  well.  It  eonsicts  of  a 
ainnll  n-wr^-oir  funiishcd  with  a  memlii-ane  bottom,  and  a  gradu- 
ated tube  at  its  upiwr  part.  A  very  good  osmometer  can  lie 
prepared  from  a  aliort-neekiKl  Itottle  fiwrn  wbich  Ihe  l>ottora  has 
Imen  »irefidly  removed.  After  the  edges  at  the  liottom  bave 
been  mode  smootli,  a  piera  of  wet  puicbment  pa^xT  is  tiglitly 
fast^-iied  on  Iiy  waxed  thread.  Great  eare  must  be  taken  to 
wleet  {inrebmcnt  or  paivhmcnl  pa|K-r  which  is  free  from  perfora- 
tions,' and  the  tube  nt  the  neck  must  be  well  llttc<l  to  a  velvet 
ctjrk.  BO  that  no  cacapn  of  liquid  cau  take  place  in  any  way.  A 
film  of  oitliiiury  unsized  pa[Mrr  evenly  eovert'd  nilh  a  suluUon  of 
warm  gelatin,  which  eools  lo  form  a  Urin  mass  u[m>ii  its  surface, 
TuakcH  a  good  sulislitute  for  parchment  in  this  apparatus.  A 
tlibi  lllni  of  white  of  egg  coagulated  l>y  heat  will  also  serve  well 
fbr  a  covering. 

609.  Thu  osmometer,  tilled  to  a  cei'tain  point  on  the  tube  with 
tile  liquid  to  Iw  ex|ieriinent«d  upon,  is  susiwnded  in  pure  water  so 
that  the  liquid  in  the  apparatus  is  on  exactly  the  same  level  aa 
the  wnter.  It  will  be  seen  hy  the  cx|)crimcnt  that  not  only  does 
dimislon  lake  place,  but  that  there  is  a  change  in  llie  level  of 
lbe  liquid  tii  the  tube. 

CIO.  When  any  of  the  more  dilflfsilile  substances  arc  placed 
In  a  slate  of  solnlion  in  tlie  resen'oir,  a  small  amount  of  tlie 
crystalloid   passes  outwni-ds,  while  a  much   lai^er  amount  of 

1  Till*  exinti-ncB  ol  netaiil  pfrforotions  in  good  pxrchment  ran  be  demoq- 
■tnlrd  by  aubjecUim  tlw  »|i|iiinilus  to  i>re«snrp,  or  cren  hy  rr]*»leilly  wi^ng 
til*  expoavd  turfaM  of  Ibf  |«rtbro«ut  with  Gltering-papcr. 
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water  passes  inwards.  The  cliango  or  levi;!  caust^d  i*  of  course 
flL'c^inijnnictl  hy  an  iininciltaLc  cliange  itt  Uic  hjiIroHtatic  prcs- 
Biiro.  ami  lifiu-c  wjiIlt  slionld  iie  acliluil  lt>  or  n-muicHl  from  tlio 
outer  vL'sscl,  tu  liolaiice  iacqualitiGu  n[  ki-ij^liL  as  faat  as  tliey 
ot-ciir. 

Gil.  The  proportional  anioiints  of  the  sulislanccH  inter- 
c'uangeil  bavc  been  <lct«.-rniined  iij'  various  olisent-i's.  Jolly,' 
hy  an  ingenious  mod  I  Heat!  on  of  the  osmometor,  obtained  the 
following  results ;  Uie  Rgures  represenliiig  Um  weiglit  of  water 
nhiL'li  replauetl  in  osmosis  oue  pai  t  hy  weight  of  Iho  substanoc : 

Sodic  cbloriile 1.) 

S.i(pr 7.1 

Sodie  lulphkte  ........     I     ...     .      11.  A 

Uu^iesic  ralph&ti' .     ILS 

Pot.-uiiic.ulpb«l8 12. 

Potuiiu  bjdrale 21:1.7 

612.  These  (lgitre§  are  known  as  the  otmctic  e'/nioaltirils  of 
the  re8j)e(;live  siilistiinccB,  lint  tliey  are  by  no  means  constant ; 
since,  as  Ludwig*  has  shown,  tliey  de|>cnd  (lailly  on  tlie  de- 
gree  of  concentratiou  of  tlie  suliition  used,  the  duration  of  Uie 
ex[)criniuiit,  and  the  charnet«r  of  thi!  meniliranc. 

613.  If,  however,  a  colloidal  body  is  placed  in  the  reservoir, 
rerr  little  eoiuparatively  posaes  outwanls.  anil  in  tlio  ease  of 
Bomc  colloids  noLliing.  "  Indeed,  an  insoluble  colloid,  such  oa 
ginn-tragaeaiiUi,  placed  in  powder  witliiii  the  oainnuietcr,  was 
foiinil  Ut  indicate  the  rapiil  entrance  of  water,  to  convert  the 
gum  inti)  a  bulky  gelatinous  hydrate.  Here,  do  outward  or 
double  movemunl  ia  possible."*  This  vcrj'  iiujiortant  faet  must 
be  borne  in  mind  in  the  applieation  of  tJie  plienometia  of  oa- 
mgse  to  those  of  absorption  of  liijuids  by  the  colloids  iu  active 
vegetable  ccilsi, 

CM.  ITerlpltatlon-inembranM.  Troiibe*  (in  1XG7)  discovered 
that  wheu  a  tboji  of  a  solution  of  cnp[)er-sulphate  is  placed  [il 
a  solution  of  potiissic  ft^rroeyanide,  there  is  proiluccil  over  ita 
whole  sui'faee  a  coherent  meudiranc  (of  precipitated  cupric  fcrro- 
cjaiiide),  linown  as  a  "  pre<;i pi ui lion- membrane."  This  at  onoe 
tKgins  to  iiK-rcnse  in  size,  but  sfjrnewhat  irregularly,  as  if  breaks 
occurred  at  the  up|)er  part  through  whieh  a  iwrtion  of  the  liquid 

<  ZetlacLrift  llir  ntimirik  M»lkin,  1049,  >ii.  i>.  S3. 

•  PoKt^tiduriT :  Aniialrii  drr  Physjli  nn.l  (.'hemic,  IxxTfii.  p.  307. 
■  Graliam  :  Jourti.  Cbiiii.  Soo.,  1802,  |>.  SSO. 

*  ArchJT  fUr  Aast.  u.  PbjnoL  da  Baia-BcraxMiil  a.  Brichert,  IM7,  f-  S7. 
IS 
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withio  flnwed  out  only  to  meet  tbe  exterior  liqiiul,  and  there 
formed  iiistiintly  a  [>rt-ei|>itfitc  colienitg  witti  the  edges  of  the 
Tiiiitui'e.  If  u  frngiDciit  of  fldoride  of  coij|x.t  is  itlnced  in  a  tcst- 
tiitw  eoQtaiiiing  n  strong  suluiiuu  of  |>otjissif  fcrroejanide,  tlie 
action  is  more  i-apid  tlian  viitb  copper- si ilpU ate.  Tbe  fragment 
dissolves  at  univ,  anil  I'unns  a  green  gtohnic  ut  llie  bottom  of 
the  tnlw.  If  it  now  be  eai-efnily  wnti^^lied,  it  will  be  seen  that  a 
ilelieatc  transparent  llbn  {tlie  precipitate  of  enjn'ie  ferrocyanide, 
wliicli  in  ft  fioceulent  stale  in  biowu)  is  pi-odnce<l  over  the  glolv 
ulc,  and  the  spheit?  begins  at  once  to  grow  into  a  ejlindiical 
iKdIj-.  The  liquitl  in  tlie  upper  part  of  the  uloscd  oyliniler  is 
almost  colorless  ;  tlint  nt  the  bottom  is  deep  greeu.  The  inter- 
mittent gix>wtti  in  liciglit  nppe:u-s  to  admit  of  only  one  explana- 
tion ;  namely,  that  the  membrane  in  turn  by  tbe  grrnt  pressure 
within,  and  the  solution  of  copper  chloride  which  Hows  tlirough 
is  immediately  L-ovcred  by  a.  newly  foi'me<l  lilm.  liy  enivful 
management,  snch  gruwtlis  of  cylindrical  form  can  \k  produced 
several  inches  lonf^. 

Traulw  also  discovered  ttint  when  a  drop  of  0  gelatin  (gelatin 
which  lins  been  botlud  conliDiioiisly  for  aiK>nt  three  days,  there- 
by losing  its  power  of  coagulation)  is  placed  in  a  sohition  of 
tannin,  a  lilm  forms  at  once,  which  begins  to  grow  into  a  spheri- 
ciil  cell,  but  without  the  appearance  of  irrt^ilar  and  inleraiil- 
tent  nipliire.  iSuch  an  artilicinl  cell  is  iH-st  pivpared  by  placing 
a  glass  tube  having  a  drop  of  fi  gelatin  on  the  lip  into  n  solution 
of  tannin.  Its  growlli  is  even  and  nninterrnptcd,  and  unless 
Uio  apparatus  is  diatnrlicd.  no  n|)|K-aranee  of  rnpUirc  is  observed. 
A  fni'ther  discovery  was  made  by  Trauix- ;  namely,  that  a  co- 
herent Glra  may  lie  foiTned  even  by  the  contact  of  pure  water. 
Tbe  coagidnm  proiineed  when  gelatin  is  acted  on  by  tnunin  (the 
so-called  tannate  of  gelatin)  is  soluble  in  a  ccmoentrated  solution 
of  tannin,  but  is  insoluble  in  a  dilute  solution.  If  a  drop  of  a 
solution  of  tannate  of  gelatin  tlius  prepared  is  placed  in  pure 
wali-r,  a  coherent  film  forms  at  the  surface  which  can  inci-ease 
op  to  ft  certain  si7.e.' 

Clo.  I'feffcr  lias  employed  the  precii»lation- membranes  dis- 
'covored  by  TranlM>,  in  an  ingenious  ajiparatus  by  which  the 
pressure  develoi^d  in  the  so-called  artificial  cell  can  be  accu- 
rately measured.     The  apparatus  consists  of  a  porotis  porcelain 


'  At  tliis  point  slinulil  Ir  nv 
ever  cellw^cmtents  rich  in  prolri 
mcniliranoua  film  ii  TornHHl  o 
■ocboiigen,  1S55,  pp.  9,  10). 


lionnil  thp  obaervnlioii  of  Nageli,  tlinl  whcn- 
Mia tuts  tome  in  eontatt  wiMi  walery  mPilin,  s 
ir  the  surrocR  (PflaiuKiiph^siologisohe  Uutcr- 
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or  day  cell,  like  those  vlik-h  arc  used  in  tlie  Bimscn  battery, 
voiincL'tcd  by  rocani*  of  a  glans  eullar  with  a  siiitiible  innnotneter. 
Within  the  day  wU  a  p  red  pi  tali  on  film  is  formed  ; '  the  cell  is 

'  Tlie  rollowing  aiTimint  of  lieUiU  eswulUI  to  miccrsa  id  theae  eiprtimmita 
of  Prof.  PfeffBr  bna  bwu  iireparal  Ly  one  af  bis  ttadeuts,  Dr.  W.  P.  WiUon. 

The  prinui|Ml  [lortion  of  the  appantiu  is  ■  pnroui  [lorcolain  i:ell,  i,  t6  mm. 
high  Htid  Ifl  mm.  in  diunetiT,  with  walU  1^  lani.  in  tliii-kueu.  Tbis  cell  ii 
onnerilGd  on  tn  a  piaca  ot  Klaw  tiilniig.  v.  A  si^onii  iii«e  of  tubing,  I.  with 
ktf^nl  tube,  is  cinientail  iiitn  the  lint  piecs.  The  Litrnil  oprning  is  Tor  tba 
nuiDoinnter  in,  the  one  mt  g  u  for  tho  uunveiiieuoe  of  Blling  and  «e«liDg  the 
rail. 

Ono  of  the  ttro  fluids  used  in  fomiing  tlin 
nwmliMne  Tor  vx|i»rinivatalion  ii  allowed 
to  pFQutrato  tlic  porouB  c«Ii  from  nithuut. 
Whrn  thin  ha«  thoroufchlj  taken  pinFe,  Ihe 
■roond  Hai'l  ia  poareil  into  thu  interior.  Tha 
contact  of  the  two  Bui<ls  tnkex  place,  there- 
fore, nn  the  iuiier  nurface  of  the  pnrous  cell, 
and  hm  the  prMipitnte  is  formid  whirh  is 
leniii-d  the  jKliieft-tiuinbrniu  nr  preclpit*- 
tion-tnenibrane.  Siitntancra  which  bj  llieir 
mnlnai  cnntact  give  rlar  to  tuch  precipitation- 
membrsnei  are  tnnnwl  membraiuijtiiir.  It 
will  nsdilv  be  artn  that  during  any  internal 
])rMsnre  the  porous  j<orei<l*ili  mil  acta  aa  k 
Hpport  for  the  membrane.  If  tba  exterior 
Kdutian  ia  copper' sulphntc,  the  interior  win- 
tlnn  potassic  fornwynuida,  than  Ihe  prepipi- 
tstBl  iiwDibraiie  vill  he  mpric  femvyanide. 
After  the  mnubmne  hns  liren  Fomieil,  th«n 
uijr  aolution  not  chemically  iiicnmpfttihla 
with  it  may  be  employed  in  the  cell ;  namrly, 
■ymp  from  cane-«ugar,  a  nolntinn  of  mltpetre, 
or  a  itill  stronger  solution  of  pntaisic  ferro- 
cyanide  than  was  aseil  in  itie  prvjianlion  of 
tltenll. 

Aa  the  snccBSBfuI  working  of  the  apparaCnn 
depends  upon  the  euict  rnrtyln^  out  at  ifuite  a  number  of  minor  details,  tba 
following  description  of  tlie  methods  of  putting  the  parts  t^^rther  may  be 
found  usuTiil  :  — 

In  onler  to  insure  nbsulute  TrHilnm  from  any  rnreign  nubntanoe,  Ihe  porcelain 
cell  mnal  be  sacc^ssivelr  wuherl  in  dilnte  eolnlions  of  poIasNi:  hydrate  and 
hydrochloric  acid,  and  then  thoroughly  dried.  Warm  a  pi^e  of  aealinx-wax 
in  the  apirit-Ump  and  dnw  it  to  a  point.  Slowly  heat  the  ojien  end  of  th» 
oell  in  the  nlcoholin  ftnme.  When  hot  enough  to  Trr?  rewlily  melt  Ihe  wax, 
apply  the  point;  and  while  the  cell  is  continually  rotnting,  eover  ecriilya  iipBce 
to  the  dq.th  of  15  mm.  with  wax  in  the  interior.  It  ahonlit  be  abont  2  nrni. 
in  tliickncsa.  Pii-k  up  the  abort  pieoe  of  tubing,  i>,  which  has  Wn  prrviaualy 
waxeil  on  one  end,  and  rotate  it  over  the  flame.  When  both  porcelain  cell  and 
glaaa  tube  are  as  worm  as  they  can  be  made  and  yet  tba  wax  kept  ilBnBth 
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tlieti  filled  with  any  ditfusiblc  liquid,  —  foi'  instance,  a  diluh.'  soltt- 
tion  of  sugar,  —  the  manometer  is  attadied,  unci  the  whole  appa- 
ratus is  placed  in  pure  walei'  or  auy  aqueous  sululion. 

and  evtn  on  kll  siJes,  place  thetn  ijuiuklj  togvtiier,  Upping  about  15  tnm., 
■ad  CDDtiiiue  the  rutar;  motian  UDtil  cool.  Tuke  b  icallwl  with  a  i>o[tit  lient 
at  tif(Ut  iingles  to  the  bladv,  hoat  it,  and,  imwrting  it  in  the  gloss  tube, 
cut  (Lway  the  wax  >t  its  iouer  end,  thus  ex|Kisiiig  a  ■houhler  ot  the  thickness 
or  the  glass.  Bull  out  tti  the  rorm  of  a  pencil  about  3  inm.  in  diumetci'  a  pieM 
of  seuling-wax  which  haa  been  made  •  littW  soft  by  lh«  adililion  of  a  drop  or 
two  of  turpeiitine.  A  piece  of  this,  equal  in  length  to  the  inner  circnrnferencc 
of  the  glass  lube,  in  a  lung  coil,  shoulil  be  plnceit  on  tlic  puint  of  the  scalpel, 
carried  in  U)  the  shoulder  aud  pressed  into  it.  A  little  heat  very  cautiaualy 
applied  from  without,  with  propr  taming  of  the  oell,  will  easily  iwuse  this 
aotler  wax  t>i  flow  and  fill  the  shouliler  with  perfect  snioothness,  The  uie  of 
the  softer  sealing-waji  makes  a  joint  which  will  not  crock  under  strong  {im- 
luri'.  Now  cemont  the  tube  t  very  firmly  into  t>,  M-itli  the  some  precuution* 
as  sbovc.  Unless  a  preasnre  of  more  tiinn  throe  atmosphere  is  dcsji'ed,  tha 
soft  wax  iired  not  hvn  be  used. 

The  c«II  is  now  ready  to  be  prepared  fur  Ailing.  In  order  to  saturate  the 
poivuii  porcelain  with  any  given  lotiition,  the  air  must  lirst  be  wholly  rrmoTcd. 
Place  the  apparatus  in  a  bmker  of  water  which  has  been  free<I  from  air  by  boilr 
ing,  and  set  the  whole  UDd,'r  the  bsU-jnr  of  an  air-putup.  Exhaust  anil  adiuit 
the  sir  into  the  beSI-jsr  repeatedly  until  bubbles  can  no  longer  be  aeeu  to  rise 
from  the  porcelain.  Tisusfer  the  cell  to  a  three  per  cent  solution  of  copper- 
Bul|disle,  and  exhaiuit  the  air  again.  Four  or  five  houn  iriU  be  icquired  for 
this  solution  to  thoroughly  penetrate  the  jiorous  cell.  At  tlie  end  of  this  tinta 
Teniove  it  from  the  copjvr-sulphute,  empty  it,  and  with  some  long  twisted 
strips  of  bibulous  jiiiper  (jiiickly  dry  u]'  all  moisture  from  its  inner  snrface.  If 
at  «ny  timu  the  e»t«rior  aurfsce  of  the  cell  begins  to  nppear  dry  before  the 
moisture  ttoiil  within  has  been  wholly  removed,  dip  it  at  once  in  tlic  solution 
^m  whence  it  came.  At  the  moment  whi-n  the  moisture  is  properly  removed, 
nil  the  eell  to  the  second  joint  with  a  three  per  cent  solution  of  |iotassie  ferro- 
cyonide  snil  replsce  it  in  the  copper-aulpliate,  taking  care  that  the  surfaces  of 
tlie  two  (tuids  sre  in  the  same  plane.  An  iut,^rim  of  at  least  twelve  houn  must 
D'lw  etn|<su  iu  onler  that  the  membrane  mny  he  properly  formed.  At  the  end  of 
this  time  the  cell  is  ready  to  be  uned,  either  with  the  solution  which  it  already 
contains  or  with  some  other.  If  some  other  solution  is  to  be  employed,  then 
esrefully  empty  out  the  potaasic  ferrocynnide,  and  after  washing  the  cell  with 
•  little  distilled  water,  fill  it  with  the  fluid  to  be  usol 

The  cell  nmst  lie  so  filled  and  sealed  as  to  leave  alisolutcly  no  nir  within, 
otherwise  the  pressure  csnuot  be  accurately  meosureiL  Insert  a  perforated 
rnliber  cork  at  g.  Fill  the  manometer  from  the  quicksilver  to  the  extremity 
of  the  tube  with  potassic  ferrocyanide,  or  whatever  other  solution  is  to  b« 
nsed  in  its  place,  and  push  it  into  iHtsiiion  in  the  cork.  Fill  the  cell  com- 
pletely full,  and  press  firmly  iota  place  the  second  perforated  cork,  taking 
grent  care,  first,  that  no  bubble  of  air  remains  at  its  haae  ;  nnd  second,  thai 
pot  a  i«rIiclH  of  potassic  fcrrocyanide  comes  in  contact  with  the  ouliidc  of 
the  cell. 

A  bent  gloss  tube,  dmwn  to  a  capillary  point  at  one  end,  nbould  uow  be 
filled  with  potassic  ferrocyanide  and  slowly  pushed  into  the  cork.     K  this  is 
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In  uorUiiii  esptrimeiiU  by  Pfeffor,  made  willi  a  sioglo  cell,  in 
wliicrli  was  a  solution  of  cane-sugar  coutaiiiiiig  a  trnc-e  of  ono  of 
the  mcnibrnnQgciiiti  substaiic-es,  while  tlio  waU.T  outside  cuulained 
a  ti-aco  uf  the  otlier,  the  following  [(rcssuica  wure  iudicaUid :  — 
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Witb  a  3.3  per  cent  solution  of  potassic  nitmte  iu  llie  ceil, 
Pfeffev  ubtuiiicd  a  moreiirial  pressure  of  43C.8  cm, 

6tG.  An  ai-live  vegi-lable  cell  is  »n  osmotic  apparatus.  The 
chief  agent  in  its  work  of  absorption  is  the  peiipberal  film  of 
tlie  folloiilid  protoplaaniic  mass,  and  this  receives  nicvhaniral 
support  from  the  wall  uf  L-elliilusc  in  wlilcb  it  is  held.  It  was 
furincrly  believed  tliat  in  osmosis  llierc  t»  always  au  est-hange 
of  materials,  one  current  pnssing  inwards  (endosmose),  the 
Oilier  outwards  (exosmose);  and  there  arc  numerous  eases  in 
which  this  is  true,  and  in  whit-h  the  osmotic  eriuivaleni  can  bo 
caleulated  (sec  612).  But  FfelTer's  esperimimts  show  how  great 
a  force  may  lie  exerted  by  osmosis  in  cases  in  which  tlicre  ia 
lilllo  or  no  substance  jiassing  out  to  replace  the  liquid  ab- 
sorbed. In  the  series  of  expeiimcuts  in  which  a  sulntion  of 
sugar  was  employed  in  his  osmotic  api>aratus,  no  trace  of  this 


prop«rly  donp,  nnynmnll  nofttitity  of  «>  which  nwy  he  in  the  upper  partoftlin 
cork  will  riae  iluring  inwrtion  to  tlie  rapillary  point.  OnutoaUy  Bii<t  niitiouslj 
witnn  llie  tube,  bcKiiiuin^  rlow  to  Uic  curk.  This  will  ex|Hn<l  tlic  iiliid  and 
drive  the  ur  wholJ)'  ouL  At  the  mompnt  when  tlii^  rahitioD  wmidetcty  Gila 
th«  tube,  toM  the  capillary  poinl  iu  the  stiirit-lwiip.  The  cpII  ia  now  entinly 
frra  fram  sir  nnd  bermetically  sntlcd.  During  the  timcf  uf  inifrting  the  ma- 
nomtier.  corking,  and  xraling,  the  porcnlain  pari  of  the  cell  tnott  not  be  allowed 
to  become  dry.  but  must  l«  freiiupntly  dijiped  iuin  tlis  snltition  rrom  which  it 
ma  takep.  With  unauneiled  In-ass  witc  Nciirc  botli  cotka  after  the  faihion 
of  cba til pagne ■bottles. 

Now  Bus|wnd  the  cell  in  the  solntion  or  copper  oulpliatf  <o  that  the  porce- 
hiin  ibnll  be  wholly  sabmergnl  but  »hiill  not  touuh  the  sidrs  o[  the  verael 
■»u[aining  tlie  solution.  N'ote  the  position  of  llie  lueronry  ii  tlie  matiomrter, 
and  tee  that  tha  t«m|irrstuiT'  ramniiis  coiiiitant  in  the  room.  If  tlie  evil  ia 
perfect,  a  certain  (librae  of  pnuuit  will  be  iudiosled  iu  le«  than  ao  bout,      j 
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Biiljstnnce  i-oiilil  aflerwnnia  l>c  (liscovered  ill  tlie  water  on  the 
ciiiUidt'.  Thf  }ip|iaratus  lintd  with  iU  toUuiclnl  film.  i-o:jIniiiing 
a  biiiull  uiniiiiat  of  snocliai-iiiu  suliilioii,  and  surmiiiideil  by  a  very 
Oiliite  flqiiiHiiis  Bi>lnliQn  of  mineral  matters,  is  nn  iustruetJTe 
imitation  of  a  vegetable  cell. 

ABSORPTION  OF  LIQUIDS  TIlROtTGH  ROOTS. 

G17.  Subraei^ed  aquatics  mny  al>80rb  wilb  their  wliole  siirTace. 
Tbey  nre  bathed  in  dilute  saline  eobitioiia  containing  the  gases 
essential  to  vegetative  uetivity,  and  tlie  materials  for  tlieii-  food 
can  Ife  taken  tVom  the  medium  surrounding  them,  i>crhii]>s  quite 
as  well  \>y  one  of  their  parts  as  by  another.  TliiB  fait  la  well  illus- 
trated by  the  larger  algie,  in  wliiili  the  organs  jHipuhiiiy  eallcd 
roots  are  merely  mectianieal  hold-fasts,  and  the  work  of  absorp- 
tioa  can  proceed  at  any  |inrt  of  the  frond.  The  simplest  differ- 
entiation of  organs  for  al^sorption  is  met  with  in  the  rhizoids  or 
complex  rout-hairs  of  mosses,  niid  in  the  filaments  of  fungi  which 
bury  themselves  in  a  nutrient  substratum.  Aliove  the  mosses 
the  differentiation  of  organs  into  I'oots  for  absorption,  and  stems 
for  Mio  siipi>ort  of  tlte  a»similutive  tissue,  is  very  [ilain.  For  our 
present  pur|>ose  it  is  best  to  lipgin  an  examinatiun  of  the  absorp- 
tion of  tii)ni(ls  by  plants  with  a  study  of  tb»  structui'e  and  the 
oRlee  of  the  root. 

til6.  It  has  been  shown  in  Part  I.  that  the  younger  parts  of 
tlic  root  are  clothed  with  extremely  delicate  epidermal  ceils, 
whii'li,  with  the  slender  trichomes  associated  with  them,  con- 
stiiute  the  absorbing  apparatus  of  tlie  plant.  (These  epidei-- 
nial  cells  of  the  tool,  taken  collectively,  have  been  called  the 
Epiblema.') 

610.  The  root-tip  with  its  protecti\'c  cap  does  not  share  to 
any  great  extent,  if  hiducd  at  all,  in  the  work  of  absorption; 
and  yot  to  the  soft,  sixmgy,  rounded  mass  of  tissue  forming  the 
root-tip  was  formerly  given  tiie  name  of  spongiole,  on  account 
of  its  spongj-  nature,  and  its  supposed  uHlce  of  sucking  up  nu- 
trient matters  fixim  the  soil.' 


'  Tliia  Icrm,  enrly  iiitrmlniyii,  wm  retnined  bj  Schleidcii :  Principles  of 
BciPiittlii!  Dutany,  1819,  pp.  US,  219. 

»  Thus  De  Canilollo,  in  liia  Ph,v»i(iln){ie  V^g^tnlp,  1832.  p.  4],  ayt:  "U 
sncclon  iIpb  rnidnm  B'vx^mte  par  dis  points  B|i^i'iaQX  qu'nn  nnmmc  Kpnngiolea, 
rjoi  Mnnt  mmpiMi!!!  il'nn  tissii  crlhilairc  Irfts-tiii  ct  Innjoiiis  nnuTi'iiii,  piiU>|ne  Ini 
I»cini*N'«longent  nam  ec«ge  por  leur  extriniilj.  Ln  li<iiiii1e  da  lit  tcrre  tend 
k  nitnr  dnni  In  miftt*  de  et  tCm :  1,  pw  I*  fstw  de  mpHlaritj  ;  11.  par 
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620,  Root-hairs.  It  was  shown  PxpcriniPntallj- liy  Oiilert'  in 
1837,  that  the  tip  of  thi-  root  is  iiol  tlie  absorliing  purt.  Uy 
cstvflil  cxfi^mn  ut  tho  tip,  nnd  the  use  of  a  Imrrnlcss  water- 
proof vaniisli  to  covoi-  tlio  wound  cnusott.  lie  obtainotl  full  absorp- 
tion of  liquids  through  the  sidos,  aod  not  llie  end  of  a  young 
root.  He  nirtber  demonstrated  tlie  very  general  occurrence  of 
delicate  hairs  n|X)n  the  sides  of  young  roots,  and  expressed  the 
opinion  that  tlicse  were  tlie  efHcient  ngenla  in  root  absorption. 

621.  That  the  abundance  of  the  bairs  on  new  i-oots  is  depend- 
ent largely  on  the  amount  of  moisture  to  wliicli  they  nro  ex- 
posed, np|)ears  from  experiments  on  the  roots  of  some  of  the 
more  eomraoo  cultivated  plants,  —  Allium  Ccpn,  Cucuibita  Fe|K>. 
Zea  Mais,  etc  In  all  these  cases  tlie  |ilant  can  almost  he  said 
to  regulate  the  amount  of  its  absorbing  suiTnoe  hy  the  amount 
of  moisture  within  Its  reach,  and  it  is  thought  by  some  that  all 
the  epidennal  cells  of  a  young  anil  developing  root  have  the 
power  of  extending  into  hairs.  Tlie  number  of  hairs  to  the 
oqiiare  millimeU-r  on  n  root  of  Zea  Mais  grown  in  a  moist  place 
was  found  by  Sohwarz  to  be  Ho ;  and  on  a  root  of  ^um 
sativum.  332. 

632.  Root-hairs  are,  as  has  been  shown  in  Part  I.,  cylindrii-al 
protuberances  from  the  external  wall  of  the  epidermal  cells. 
They  varj-  in  length  H-om  .1  mm.  to  8  mm.  The  former  length 
oieui-s  in  a  few  gi-nsses.  tlie  latter  in  some  water  plants.  Sebwarx 
gives  tlie  following  measurements  of  length  :  nxK-liairs  of  Pota- 
mogeton,  ■'»  mm. :  of  Anaohaiis.  4  mm. ;  of  Untssiea  Napus  in 
tr.oist  air.  3  mm.  ;  of  I'isnm  sativum  and  Avena  sativa,  2.5  mm. ; 
of  Vicia  F*alui.  8  mm. 

62.1.  When  root-hairs  are  develojwd  in  contact  with  soil,  they 
become  much  distorted  (see  Fig.  S'J).  and  generally  dwarf^nl; 
they  cun'c  more  or  less  irregularly  around  the  paiticlea  of  soil, 
and  frequently  are  enlai-ged  at  the  immediate  plai-e  of  eontact. 
Moreover,  the  eharaeler  of  the  eell-wall  is  somewhat  chnng>\I  at 
the  place  of  conlnct  with  the  particles;  in  many  instances  the 
wall  nndei'gm-s  a  sort  of  mucilaginous  moil  ideation,  and  Incomes 
80  fii-nily  united  to  the  paitides  that  these  cannot  be  removed 

rbjrgroKcpiriU.  Cm  dent  tirD|>riJli>i  ile  tiMU  i«iiTent  bicn  expliqocr  I'JaomM 
qnaDtiij  il'mi  'ini  p^nt-tra  <\mn»  la  pUnte  vivanlr,  Im  mriktianii  J>  rati*  iiuxa- 
Wti  wlom  In  eat*^^  '<■  Miwns,  eto.  II  souffle  J'lubDCttre  que  1»  cellnlni  (let 
■jwnglolei  iloii^m  de  contractiniis  ihiimiitivrft,  ■Dgmenteiit  vt  iliminiimt  ■her' 
Iwlivi'nl'iit  In  m^ta  inlnvrUulnilra.  et  trnilent  sinai  k  atworlxT  lie  Yma  en 
qa«ntit£  pniportiuan^  k  U  force  et  &  k  ntpiiUld  de  leurv  contrautions  vltnlea." 
>  Lioiun,  1837. 
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without  laceration  of  the  delicate  cells.  Notwithstanding  the 
extreme  tenuity  of  the  cell- wall,  it  is  thought  by  some  to  play  an 
important  mechanical  part  in  fastening  the  roots  in  the  soil.^ 

624.  That  the  hairs  upon  the  root  vastly  increase  its  absorb- 
ing surface  is  self-evident.  Schwarz  has  shown  that  in  Indian 
corn  grown  in  moist  air  the  surface  presented  by  the  velvety^ 
bail's  which  cover  the  young  roots  is  5.5  times  greater  than  that 
of  the  part  of  the  root  on  which  the  hairs  occur ;  while  the  ratio 
of  these  surfac^es  in  the  roots  of  peas  is  as  12.4  to  1 ;  and  in  the 
aerial  roots  of  Scindapsus  pinnatus,  as  18.7  to  1.  But  all  these 
figures,  which  are  at  best  only  approximate,  apix'ar  to  be  ver}'  low. 

G25.  Extent  of  Root-systems.  In  extending,  the  root,  by 
growth  at  its  protected  extrcrait}*,  can  insinuate  itself  between 
particles  of  soil  which  could  not  be  easily  displaced  by  simple 
thrust.  The  branches  from  the  main  root  extend  exactly  as  does 
the  main  root  itself,  —  by  continual  additions  just  behind  the 
tip,  —  and  the  area  covered  by  a  root-system  finally  becomes 
ver}'  lai'ge.  One  of  the  earliest  recorded  measurements  is  that  by 
Hales,*  who  estimated  that  the  roots  of  a  sunflower  (3 J  ft.  high), 
taken  together,  were  no  less  than  1,448  feet  in  length.  The  plant 
had  "eight  main  ixx)t8  reaching  fifteen  inches  deep,  and  side- 
ways from  the  stem  ;  it  had,  besides,  a  very  thick  bush  of  lateral 
roots,  which  extended  every  way  in  a  hemisphere  about  nine 
inches  from  the  stem  and  main  roots." 

620.  Nobbe  has  shown  that  in  year-old  plants  of  certain 
closely  allied  gyninosperms  the  root-systems  difler  remarkably 
in  the  number  of  the  rootlets  and  the  total  length  of  the 
roots.'  In  three  species  the  determinations  of  the  total  length 
were  as  follows :  — 


1  Haberlamlt:  Physiolojpsche  Pflanzenauatomie,  1884,  p.  152. 

*  Hales  give«  as  the  entire  surface  of  tliese  roots  2,286  square  inches,  or 
15.8  square  feet  ( Ve^etjxble  Staties,  1731,  p.  6). 

«  The  plants  examined  were  pjrown  from  May  to  October.  Two  of  Nobbe's 
tables  (Die  landwirthscliaftHchen  Versuchs-Stationen,  xviii.,  1875,  p.  279)  are 
here  given  ;  — 

a.  Number  of  Rootlkts. 


Norway  Spruce. 

silver  Fir. 

Scotch  Pine. 

Boots  of  the  let  onler. 

(i             (4          2(1          '* 

"        "      .Tt!      " 
"        "      6tli     " 

1 

85 

10*2 

6 

0 

1 

48 

85 

0 

0 

1 
404 

i,a-5 

749 
26 
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All  the  plauts  upon  which  Ibeso  averages  are  based  were  groira 
ODiIer  the  same  eonditions. 

627.  When  any  plant 
is  lirtcd,  eveu  with  gruut 
care,  from  the  soil  iu 
which  tl  has  grown,  many 
of  its  more  delicate  root-  • 
lets  are  torn  olf  and  left 
behind.  Heuee  it  is 
dilficiiU  to  asecitain  the 
total  amount  of  roots 
belonging  to  a  plant. 
Even  the  beat  plan  .vet 
devised  fur  cleaning  the 
root  previous  to  mcasnr- 
ing  it — that  of  allow- 
ing a  stream  of  water  to 
wash  awaj'  nil  the  earth 
wlilHi  it  will  detach  — 
usually  causes  a  few  of 
tho  finer  rootlets  to  be 
cariied  otf.  It  has  been 
shown,  however,  that  the 
toots  of  peas,  beans,  and 
tJie  common  cereals  are 
abundantly  branched  to 
a  depth  of  more  than  a 
taetvr,  and  tliat  many  of 
tbem  penetrate  coosidei'ably  fiirthcr.  Sebubart  states  that  the 
atnount,  by  weight,  of  rooty  in  peas  and  wheat,  compared  with  that 
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of  the  whole  plant  (all  l)eing  dried),  is  less  than  fiftj  per  cent.* 
B}'  comparison  of  the  weights  and  lengths  of  average  pieces  of 
the  roots  of  barley,  it  has  been  found  that  the  whole  root-sj'stem 
in  a  vigorous  plant  is  not  far  from  thirtj'-seven  meters  in  length ; 
and  that  all  this  could  be  packeil  in  a  small  volume  of  fine  8oil 
(about  ^  of  a  cubic  foot).* 

628.  The  nature  of  the  soil,  and  especially  the  amount  of 
moisture  and  of  nutritive  matters  which  it  contains,  have  a 
marked  influence  upon  the  development  of  the  root-system  of 
a  plant  Otlier  things  being  equal,  fertility  of  the  soil  favors 
compact  branching,  as  is  shown  by  experiments  by  Nobbe.* 

Indian  corn  was  grown  for  a  time  in  several  cylinders  con- 
taining clay  soil ;  then  the  earth  was  c*arefully  washed  away  and 
the  roots  were  oom[>ared.     In  the  first  cylinder  the  soil  had 

^  Amounts  as  given  in  Cbeniische  Ackersmann,  L  p.  193. 

Roots  of  u'iuter  wheat  (in  April) 40  per  cent. 

'*     peas  (four  weeks  after  planting)   ...     44       ** 
'•     (at  flowering) 24       " 

*  Hellriegel  :  Hoffmann's  Jahresbericbt,  1864. 

Kobbe  ( Versuchs-Stationen,  1875,  p.  279)  has  given  some  instructive  figures, 
showing  the  rutio  of  the  surface  above  ground  to  that  below  in  yearling  plants 
of  some  common  spf^cies  of  Conifers  grown  under  similar  conditions.  Some  of 
his  figures  are  here  given. 

a,   SuuFACE  OF  Rootlets. 

Square  mlUlmetem 

SUverFir 2,452. 

Non^ay  S})nice 4,139. 

Scotch' Pine 20,515. 

b.  Surface  of  the  Green  Parts  of  the  Plants. 

Square  millimeters 

Silver  Fir 1,451. 

Norway  Spruce 1,551. 

Scotch  Pine 4,304. 

c.   Ratio  of  Parts  is  the  Plants  examined. 

Sliver  Fir.  Norway  Sprace        Scotch  Pine 

Parts  above  ground     ...     100  :  107  :  297 

Parts  below  ground     ...     100  :  168  :  837 

d.   Ratio  of  the  Parts  above  oRorND  to  those  below. 

Silver  Fir 100  :  169 

Norway  Spruce 100  :  267 

Scotch' Pine 100  :  477 

•  Versuchs-Stationen,  iv.,  1862,  pp.  220,  221. 
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been  iinirormly  mixed  will)  n  fertilizing  substance,  and  in  this 
soil  the  routs  had  develoijcd  in  n  normal  manner.  In  the  sec- 
ond cylinder  a  Itiycr  of  tbe  fertilizing  material  had  bt'en  [ilaeed 
throQ  to  four  eentiiueler^  below  Ihe  suifaec,  and  in  the  soil  at 
this  plane  the  roots  had  branelied  very  abundantly.  In  the 
tliird  eylinder  a  similar  layer  of  the  fertilizing  matter  had  iwen 
placed  half-way  down  the  cylinder,  and  here  tlie  root- 1 1 ranches 
were  l^r  more  numci'ous  than  elsenhei'c.  In  otliei-  oases  the 
fertilizing  snb&tance  had  liecn  placed  at  the  twttom,  aroniid  the 
sides,  or  in  the  middle  of  the  cylinder,  and  in  these  places  respec- 
tively tlie  root-branches  were  most  abundant.  Substantially  the 
same  thing  ia  obsened  in  earth  where  the  roots  of  plants  meet 
with  Imried  bones :  the  Uner  root-branches  aiv  developed  arotnid 
and  ndcrwards  in  tlic  stilislance  of  the  decomjiosing  animal 
inntler,  otlen  foi-ming  dense  mats.' 

G20.  In  some  I'nses  ivots  extend  to  very  great  distances; 
thns  tliosc  of  an  elm  have  lieen  known  to  till  np  drains  tiny 
yards  distant  from  the  tree.'  It  may  be  saidi  in  general,  that 
the  roots  of  the  common  forest  and  simile  trees  reach  to  and  lie- 
yond  the  eaves  of  tlie  roof  made  by  the  ieafv  branches.  *•  There 
is  a  constant  relation  l>etween  the  horizontal  extension  of  the 
branches  and  the  lateral  spreading  of  the  roots.  It  is  not  by 
wntering  a  ti'ce  clone  to  the  trtnik  that  it  will  he  kept  in  vigor, 
but  by  applying  the  water  on  the  soil  at  the  part  corresi>ond- 
ing  to  the  ends  of  the  branches.  'I'hc  ruin  which  ffllls  on  a  ti'ee 
drops  from  the  brandies  on  tliat  part  of  the  soil  which  is  situ- 
ated immediately  »l«ve  the  ab8i>rbing  fibrils  of  tlie  i-oola."  • 

630.  The  nH)t-«ystem  of  a  plant,  ever  extending  l>y  its  in- 
nnmerable  snitdimions  into  new  soil,  and  dotheit  near  Ihe 
extremities  of  the  rootlets  with  delicate  epidermal  cells,  is  a 
complcs  apparatus  for  osmosis  placed  under  tlie  most  favorable 
conditions  for  alsorplion. 

631.  The  course  of  the  water  after  it  has  found  its  way  into 
R  |)hint  tlirough  the  epidermal  cells  of  the  newer  portions  of  the 
roots,  and  the  pressure  which  at  times  the  watery  liqnids  in  root* 
exei't.  can  be  more  conveniently  examiiie<l  at  a  later  stage  (see 
Chapter  IX.,  '■  Transfer  of  Water  through  the  Plant "). 


'  See  nlno  ■  [fiper  by  Dcltncr  ;  Vrnucha.StiitiDDen,  1872,  p.  10". 

*  Joiininl  Roynl  AKneultnnl  Societj,  toL  i.  in  3St,  contains  aume  interesU 

;  fam  o{  gimt  Unjcih  of  nwu. 

■  Bairour :  Chsa  Buok  of  Botanj,  13S4,  pk  137. 


CHAPTER  VIII. 

SOILS,   ASH  CONSTITUENTS,  AND  WATER-CULTIJBE. 

632.  When  a  plant  is  care  full}'  dried  at  a  temperature  slightly 
exceeding  that  of  boiling  water  until  it  ceases  to  lose  weight, 
there  remains  behind  a  brittle  combustible  residue.  The  dif- 
ference between  the  weight  of  the  plant  and  that  of  the  resi- 
due represents  the  amount  of  water  previously  contained  in 
the  plant.  This  differs  widely,  according  to  the  kind  of  plant 
and  its  age.  The  following  table  gives  the  proportion  of  water 
contained  in  a  few  of  the  most  common  plants :  — 

Red  Clover,  before  flowering 83  per  cent, 

••         ••       in  full  flower 78  " 

Oats,  before  flowering 82  *' 

••     in  flower 77  " 

Turnip  (root) 91  " 

Beech  (leaves),  in  buiumer 75  *' 

*•          "        in  autunon 65  " 

Dry  grains 14  to  15  " 

Dry  woods 15 
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633.  If  the  brittle  residue  left  after  complete  expulsion  of  the 
water  is  burned  in  the  open  air,  there  remains  behind  a  small 
amount  of  gra}'  ash ;  all  the  rest  is  wholly  consumed.  The 
amount  of  ash  also  varies  widel}',  according  to  the  kind  of  plant 
and  its  age.  In  the  following  table '  are  given  the  proportions 
for  a  few  common  plants :  — 

Per  cent  of  ash  iti     Per  cent  of  rkIi  in 
firesli  material.  dry  material. 

Red  Clover 1.5  5.6 

Sugar  Reet  (root) 8  4.8 

Indian  Com 1.1  5.5 

"     (grain) 2.1  1.5 

Beech  (leaves),  in  summer    ...         1.3  — 

•*  "        in  autumn     ...        3.  — 

^34.  In  a  general  way  it  may  be  said  that  the  combustible 
matters  are  derived  cliiefl}*  from  the  atmosphere,  while  all  the 

^  The  student  is  refcrrctl,  for  detailed  accounts  of  analyses  from  which  these 
figures  have  been  chiefly  taken,  to  Johnson's  *'How  Crops  Grow,"  1868. 
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water  aiKl  tbe  iDc-ombusliblc  asb  come  from  i-lie  soil.  In  the  case 
of  aquatics  ibis  general  statcnieut  would  not  apiwur  to  liol<1,  for 
tiwy  obtuiu  all  tlieir  siilistaDLt!  I'rom  the  water  hi  wbii-h  they  live  ; 
but.  as  will  be  st?cn  later,  this  souru!  is  essentially  the  same. 
We  liave  examined  in  the  previous  obupter  one  of  the  means 
by  which  plants  obtain  llieir  supjily  of  water  and  asli  materials, 
and  it  will  be  beat  to  consider  now  the  source  from  nhich  this 
supply  comes,  liefore  apinoaoliing  the  stntly  of  the  combustible 
substanco  of  plants. 

SOILS. 

63.i.  Formalioa  of  sollit.  Soils  are  pitKlnced  by  the  disinte- 
gration  of  rocks.  This  may  be  mechanical,  as  that  caused  by 
cnishin;^.  attrition,  and  the  action  of  frost;  or  it  may  be  and 
generally  is  associated  with  more  or  less  chemical  change.  In 
soils,  some  of  the  products  of  the  deeomiMsition  of  organic  eub- 
stanL-es  are  usually  tutenninglcil  with  purely  mineral  matters 
aggr^ateil  in  vanous  dcgi-ees  of  fineness.  Soils  exposed  U> 
atmospheric  influences  constantly  change  Itotli  in  their  physical 
properties  and  chemical  composition,  the  changes  being  brought 
alHiut  chiefly  by  the  combined  action  of  moisture,  carbonic  acid, 
xnd  oxygen. 

636.  Water  not  only  wears  away  solid  rocks  hy  its  mechanical 
action,  but  after  it  has  insinnated  itself  int^i  the  crevices  of 
locks  it  accomplishes  the  woi-lc  of  disiutegratioo  far  more  rapidly 
by  Its  expansion  during  fivezing.' 

When  rocks  become  loosened  by  running  water,  or  by  the 
alow  movement  of  glaciers,  the  crushing  and  grinding  of  the 
pieces  which  come  into  contact  arc  suIRcieiit  to  pulverize 
Uic  hardest  of  the  more  common  ones. 

Water,  especially  whcu  it  holds  carbonic  acid  in  solution,  is 
a  very  imi»ortanl  agent  in  changing  the  characters  of  rocks; 
sometimes  it  does  this  by  dissolving  out  portions  of  the  rocks, 
eometimes  by  bringing  about  new  combinntions  of  their  con- 
stituents. Moreover,  rain-water  contains  a  minute  quantity  of 
Other  matters  besides  carbonic  acid,  and  these  exert  a  powcrfbl 
effect  in  disintegrating  and  dissolving  certain  rocks. 

637.  The  free  oxygen  of  the  atmosphere  is  aUo  an  efficient 
agent  in  the  changes  by  which  rocks  arc  broken  down  to  form 
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Boils.  Many  rocka  contaio  fcrroiis  oside,  wUk-h  rcadilv  under- 
goes Turtlier  oxidation  ;  c-crtnin  sulphides  in  roeks  are  osidizable 
under  tbe  ordinal^  conditions  finind  in  a  moist  atniospbere,  and 
in  eiicL  cases  tbe  chemical  aclioa  results  iu  rcuderiDg  tbe  rocks 
brittle. 

C38.  Water  con  easily  transport  tbe  finer  particles  of  soil 
from  wbere  tliej'  were  formed  by  disintci^rntion  of  the  rocks  to 
points  ftt  distances  fVom  their  source,  varying  with  their  weight. 
For  this  reason  the  particles  accuiiiulntc  in  dilfercnt  degrees 
of  fineness  at  different  points  along  waler-conracs. 

G39.  It  is  believed  that  during  the  Glacial  |>enod.  when  large 
portions  of  the  northern  beniispbcre  were  covered  deejil.v  wiUi 
sheets  of  moving  ice,  immense  amomits  of  coarse  and  fine 
Boila  were  carried  far  fVom  the  i>Uco8  where  they  were  funned, 
and  were  heaiied  up  more  or  less  iiregiilarly  in  the  masses  which 
now  form  gravelly  hills  and  ridges.  The  glacial  action  now 
going  on  in  the  Alps  shows  how  ^'ast  must  have  been  the  soil- 
waking  and  soil-eanyiug  power  of  the  glaciers  which  once  cov- 
ered so  mudi  ofour  continent. 

040,  Soils  which  liave  not  been  carried  by  water  or  ice  from 
the  place  wbere  tbey  were  formed  by  some  of  the  agencies  men- 
tioned above  are  not  generally  of  givat  depth,  anil  their  nature 
can  usually  l>c  made  ont  bj'  examination  of  the  ooutiguous 
rocks. 

641.  Classification  of  solb.  For  onr  pa-sent  pnrpose  soils 
may  be  classified  as  gravelly,  sandy,  clayey,  calcureous,  loamy, 
am!  peatj'.  Gmeelhf  soils  differ  widely  in  Iheir  chemical  cliar- 
acter,  since  the  pebbles  which  coiuiKwe  them  may  he  either  chiefly 
qunitz  and  fragments  of  rocks  in  which  qnaitz  predominates,  or 
there  may  be  also  a  good  )ii'o|K)rtion  of  limestone,  or  of  feld- 
spathic  rocks.  With  the  coarse  |K'bbles  is  intermingled  n 
certain  proportion  of  finer  soil.  Sandy  soils  ai-e  usually  made 
up  of  fine  quartz  with  which  some  other  innttei's  arc  asso- 
ciated, such  as  some  compound  of  iron,  grains  of  feldsputhic 
niinerab.  micaceous  pajtides,  ett-.  In  a  few  cases,  however, 
the  sandy  soils  differ  widely  from  this  composition ;  for  in- 
stance, the  green  sand  of  New  Jersey  contains  a  large  pro[)ortion 
(more  than  fifty  [wr  cent)  of  green  grains  of  a  silicate  of  iron  and 
potASsium.  Clai/ey  soils  ai'e  generally  derived  from  the  dis- 
integration of  various  feklspathie  rocks,  and  arc  mixtures  of 
hydrated  aluminic  silicate  with  many  Other  matters.  Such  soils 
are  generally  adhesive,  arc  retentive  of  water,  and  dry  into 
a  bard  mass ;   these  cbaractcra  which  belong  to  true  clay  nm 
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JTbund  &lao  in  some  soils  wliicb  are  Dot  clays,  and  hence  tlie 
term  f^ayey  is  sometimes  loosely  ap|)lied.  Va!c<ireoii»  or  lime 
soils  contain  calcit-  carbonate  in  large  amount.  To  i-alcareoiis 
clay,  when  the  ingredients  are  iii  a  state  of  rather  fine  subdi- 
vision,  the  name  miirl  is  frequently  appliud.  PkoUj  or  humus 
soils  nre  those  wlnuii  contain  a  ixiiisideralile  |)roj)ortion  of  itai'- 
tislly  tleciiyed  vegetalde  matter ;  wUeu  such  matter  decays  under 
water  it  becomes  peat,  or  muck  ;  when  it  decays  without  mneli 
water  it  is  genei'ally  knuwn  as  mould. 

642.  By  mechanical  amdysis,  as  by  simple  washing  and  sift- 
ing, it  is  possible  to  sepni-ale  a  soil  into  its  mechanii^l  ingre- 
dients, whit-b  arc :  (l)Gravel;  (2)  coarse  sand;  (3)  flue  sand; 
(4)  clayey  sand ;  (5)  clayey  Bii1»stancc,  or  fine  clay. 

Tlie  inecbanieal  subdivision  of  soils  Las  un  important  bearing 
upon  tlicir  physical  progierties  and  upon  tlieir  adaptability  to 
the  gi-owtli  of  roots  and  the  austcimuce  of  plants.' 

From  interesting  studies  by  Darwin,'  it  is  plain  that  in  some 
localities  earth-worms  have  exerted,  by  their  bm'rowiug  aud 
tunnelling,  a  vast  influence  in  changing  the  physical  character 
of  the  soils  in  which  they  tlirive. 

643.  Phrslcal  properllM  of  soils.  Of  tliesc,  tlie  most  important 
to  be  considered  here  ore  tliose  which  alTeet  tlie  relations  of  soils 
to  liquids,  to  gases,  and  to  heat  \  for  all  of  these  dii'eetly  offeet 
the  growth  and  indirectly  the  nuti-ilion  of  plants. 

644.  Absorption  and  relentlon  of  molatnre  bf  ulls.  It  is  con- 
venient to  examine  the  relations  of  suila  both  to  liquid  water 
and  to  aqueous  vapor.  Soils  can  absorb  from  the  atmosphere 
and  condense  upon  the  suiTacc  of  their  |inrtic]cs,  or  in  their  inter- 
stices, B  certain  amount  of  the  vnpor  of  water.  This  property 
of  absoi-ption,  known  as  that  of  bfgrogeepldtr,  is  different  in 
dilfcrent  soils,  as  shown  by  the  following  table  from  Sehiil>eler.* 

Five  hundred  ccntigi-auis  df  each  soil  carefully  dried  were 
spread  over  n  surface  of  thirty-six  thousand  square  millimeters, 
and  esgrascd  for  varying  ))criods  to  an  atmosphere  saturated 
with  watery  vapor :  the  amounts  of  waters  absorbed  (in  centi- 
grams) were  us  follows :  — 

•  TliB  retilur  ahoulil  exiDtiiie  h  [wper  liy  J.  !>.  Whitnuy  (Plain,  Prairie, anil 
Fonat),  ia  vliioh  ia  discmaed  the  |)roh«hU  influpnco  or  thi>  eitrenii'  fliiencM  of 
pnirio  aoila  ujiou  the  alueni-e  of  fumstB.  See  Americtn  KotutnlUt,  Oetobn 
•ad  SovL-mber.  1878, 

*  Darwin  :  Tlie  Fornutian  of  Vegetable  HuulJ  tliroiigli  tlu  Aotian  of 
Wonn«. 

■  Knop'a  Lebrlmch  der  Agricnltnr-Ch«mie,  188S,  vol.  ii.  pih  18, 1 4. 
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12  hours. 

24  bours. 

48  hours. 

72  hours. 

Quartz  sand  .     . 

0.0 

0.0 

0.0 

0.0 

Calcareous  sand 

1.0 

1.5 

1.5 

1.5 

Clayey  soils  .     . 

10.5  to  15. 

13  to  18. 

14  to  20. 

14  to  20.5 

Clay    .... 

18.5 

21.0 

24.0 

24.5 

Garden  earth     . 

17.5 

22.5 

25.0 

26.0 

Humus    .     .     . 

40.0 

48.5 

55.0 

60.0 

From  these  figures  it  api^ears  (1)  that  tlie  gi*eater  part  of  the 
vapor  is  condensed  before  the  expiration  of  a  single  day,  (2)  that 
humus  is  by  far  the  most  hygroscopic,  but  (3)  that  clay  can  ab- 
sorb a  lai^e  quantity  of  vapor. 

Temperature  exerts  a  marked  influence  upon  the  capacity  of 
soils  to  absorb  aqueous  vapor,  as  is  shown  by  Knop's  exami- 
nation *  of  a  sandy  and  of  a  nch  eaith :  the  amount  of  va\yyT 
absorbed  diminishes  with  elevation  of  temperature. 

645.  The  amount  of  liquid  water  which  soils  can  absorb  and  re- 
tain is  verv  differcnt  for  different  kinds  of  eaith.     In  the  follow- 

ft* 

ing  determinations  by  Schtibeler  dry  soils  were  saturated  with 
water  ui^on  a  funnel,  and  the  increase  of  weight  was  noted  after 
all  the  excess  of  water  had  dripped  awa}*.  The  first  column  gives 
the  percentage  of  increase  in  weight  of  soil ;  the  second,  the  num- 
ber of  volumes  of  water  that  one  hundi^cd  volumes  of  soil  can  take 
up ;  the  third,  the  jxircentage  of  this  water  which  eva[)orates  from 
the  soil  in  four  hours  when  it  is  spread  over  a  given  surface.* 


1. 

2. 

8. 

Quartz  sand 

Calcareous  sand     .... 
Clny  soil  (60%  clay)       .     . 
Clay  soil  (76%  clay)       .     . 
Heavy  clay  (89%  clay)   .     . 

Pure  clay 

Humus' 

25 
29 
40 
50 
61 
70 
190 

37.9 
44.1 
.51.4 
57.8 
62.9 
66.2 
69.2 

88.4 
75.9 
52 

34.9 
31.9 
25.5 

646.  The  degree  of  fineness  exerts  also  some  influence  upon 
the  absorptive   i)ower;    but  while   pulverization  increases  that 

*  Vei-suchs-Stationon,  vi.,  1864,  p.  281,  where  are  found  also  some  interesting 
results  rcconh'd  by  Knop,  in  regard  to  the  absorption  of  aqueous  vapor  by 
various  orj^iiiii*  suljstanc^es. 

*  Knop's  Lclirbuch,  1868,  vol.  ii.  p.  26.  The  third  column  is  cited  from 
Johnson's  "How  Crops  Feed,"  1870,  p.  180. 

'  Sam)>les  of  peat  have  been  known  to  absorb  from  300  to  more  than  500 
per  cent  of  water. 
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power  [□  some  kinds  of  suit  it  diiuiiiisiies  it  in  olhcrs.  Tims 
Zvnger  bas  shown  timt  fine  quartz  sand  at)8orbs  al>out  twice  as 
much  water  an  that  wbicli  is  coarse;  on  the  other  iuintt,  fine 
briuk-ulay  is  not  so  absorbent  us  coarse. 

647.  Adiiiixtiirc  of  hetcrogcaeous  matters  witli  soil  generally 
lowers  the  absoqitive  anil  it-lentive  tK>wei-  botli  of  the  i«)i]  and  of 
the  added  siibstanees.  Treu tier  examined  certain  soil  misUn-cB 
in  the  folli)wing  mannrr :  Gtty  grams  of  the  soU  were  placed  iu 
one  hundred  cubic  centimeters  of  water  for  twenty-fuur  honre, 
the  excess  of  wator  was  nllowcd  to  drip  awuy,  and  tlio  nqioiint 
tiien  retained  noted.    The  following  are  among  his  results:  — 


Solk. 

It 

H 

MUlonii. 

it. 

ill 

Fine  isrth 
Qiuru  und 
Cupftio  liin. 
Bono-diut 

34.2 
11. 
fll. 

10  grm.  tmc  eartb  iiiU  ]0  grni.  cBiistic  limo 
to  ijrni.  <iiiarti  sonil  snJ  10  grni.  Caostiu  lime 
10  giTii.  '[iiurti  sand  and  10  grm.  bone^diwl 
an  gnn.  'iiutrU  saikI  nii>l  20  grni.  bone-dust 

19. 
18.& 
9. 

From  Treutlei-'s  tables  it  appears  that  the  absorptive  and 
retentive  capacity  of  a  inisturo  of  two  substances  ma;/  equal 
that  of  the  constitacnts,  but  that  generally  it  becomes  lower. 

C4S,  A  soil  may  be  so  line  and  compact  that  rain  will  not 
readily  |>eaetrate  it ;  or  on  the  other  hand  it  may  be  so  porous 
aa  to  allow  the  water  which  falls  on  it  to  pass  rapidly  down 
through  it.  A  soil  of  pro|>cr  t«xturc  will  receive  the  rains,  and, 
as  has  been  shown  by  Uie  foregoing  paragraphs,  retain  a  certain 
amount  in  ita  ixirea.  the  excess  draining  away. 

649.  Evaporation  of  wati-r  goes  on  continually  from  the  snr- 
fB«eof  moi^tsoil,  unless  the  atmosphere  is  satiii-ated,  and  the 
amount  of  cva|X)ration  dejiends  largely  upon  the  amount  of 
moisture  present  in  the  state  of  vapor  in  Ihe  atmosphere  at  any 
given  lime.  But  the  retentive  power  e|>oken  of  above  (which 
is  plainly  opposed  to  c va|>oration )  is  very  different  in  different 
soils  ;  for  this  i-eason  about  three  times  as  mnch  -water  evaporates 
fi-om  quartz  sand  as  from  the  same  amount  of  humus  equally 
exposed  for  a  given  time.  When  by  evaporalion  the  soil  be- 
)  drj'  at  the  surface,  n  draft  is  mode  upon  the  supply  of 

tar  retained  in  it  at  a  greater  depth,  and  this  wat«'r  tlieii  rises 
f  capillarity  to  the  drier  layere.  It  is  therefore  said  that  there 
h|  a  constant  movement  of  water  in  the  aoil. 
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650.  A  distinction  ma}-  be  properl}-  made  between  (1)  that 
water  which  remains  as  a  copious  supply;  beneath  the  surface  of 
the  ground,  existing  there  pUiinI}'  as  a  liquid,  (2)  that  which  ad- 
heres to  the  particles  of  soil  imparting  to  them  a  moist  ap|>ear- 
ance,  (3)  that  which  adheix^s  to  the  particles  of  an  air-dr}*  soil 
and  which  does  not  affect  at  all  the  appearance  of  the  particles. 
The  first  has  been  called  hydrostatic^  the  second,  capillary^  the 
tliird,  hygroscopic  water.  It  is  from  the  two  latter  that  the 
roots  of  plants  other  than  aquatics  usually  obtain  their  supply 
of  moisture.* 

651.  The  relations  which  evaporation  and  drainage  bear  to 
the  total  rain-fall  upon  the  soil  have  l)een  examined  duiing  a 
series  of  nineteen  yeai*s  at  Rothamsted,  in  England.  The  fol- 
lowing figures  are  based  on  the  results  during  ten  jears  (Sep- 
tember, 1870,  to  August,  1880). 

Baio-fall 30.68  incheSi 

Drainage  from  soil 

at  20  inches  depth 18.21  " 

at40     *•        " 18.94  " 

ateO     «*         •* 12.17  " 

Amount  of  water  retained  by  soil,  or  evaporated 

at  20  inches  depth 17.47  " 

at40     "         " 16.74  " 

at60     "         " 18.61  " 

Percentage  of  rain-fall  lofit  by  drainage 

at  20  inches  depth 43.1  " 

at  40     "         •* 45.4  " 

at  60     "         " 39.7  " 

Percentage  of  rain-fall  retained  by  soil,  or  lost  by  evaporation 

at  20  inches  depth 66.9  " 

nt  40     "         ** 64.6  " 

at60     **         " 60.3  " 

652.  Soils  are  not  only  acted  \x\>on  by  the  solvent  power  of 
water,  as  shown  in  G36,  but  many  soils  |)osse8s  the  remarkable 
property  of  removing  saline  mattei-s  from  aqueous  solutions. 

The  interesting  fact  that  impure  water  can  be  freed  from  some 
of  its  foreign  matter  by  l)eing  filtered  thix)ugh  earth  has  long 
been  known,  but  its  significance  in  the  nutrition  of  plants  does 
not  appear  to  have  received  attention  until  1819.     Gazzeri'at 

1  For  a  full  discuj«sion  of  this  subject,  which  is  most  important  in  its  bear- 
ings upon  the  cultivation  of  plants,  the  student  should  study  Johnson's  **How 
Crojya  Feed,"  p.  199. 

2  From  a  note  by  Orth:  Versuchs-Stationen,  xvi.,  1873,  p.  57.  The  discovery 
is  generally  ascribed  to  Bronner,  1836.  The  fullest  treatment  was  by  Way  : 
Journal  Royal  Agricultural  Society,  1850,  and  later. 
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that  date  says;  "Kailb,  cspevially  clay,  seizL-a  mwii  Ibc  6oV- 
uble  lualtt-i's  iiUrusU'd  to  itt  and  holds  tbcm  back,  in  onler 
that  it  may  gradually  Aiiiiish  thi-ui  to  [ilaota  aecordiog  to  thfii' 
needs." 

GbS.  Wb(!ii  dilute  fioliilions  or  a  aalt  are  slowly  filtered  through 
sand  wUidi  eontaiiia  ngouil  uiliuixturi!  uf  elay,  (he  niiter  posses 
out  for  u.  time  without  11101*6  than  a.  traec  of  tlic  suit,  ami  in 
somu  casi^a  all  the  salt  ia  ritlaiued  by  the  soil.  Even  Bevrage 
liquids  enu  by  tliis  mL'tliud  be  freed  from  their  otfensive  ingrc- 
dieiits.  This  phHinimriKin  of  (iltraliou  ia  due  to  adhesion  (that 
is,  the  allraetion  whieh  the  Biirfatc  of  one  kind  of  matter  liau 
for  anotht-r  ItimI  of  ma.tte(-).  The  aultstanoes  whieh  are  removed 
by  the  particlca  of  soil  arc  so  fasU'iicil  to  them  that  even 
when  the  soil  is  washod  in  pure  water  only  tiaecs  of  them  are 
removed. 

654.  Chendcal  alMorptloD  bj  aofl«.  Besides  thig  physieul  ud> 
hesion,  there  uie  eshtbittd  hy  many  aoila  certain  ehemiuil  phe- 
nomena alao,  wliii'h  have  been  eoileeUvely  tei-ined  chentKol 
absorption.  If  n  aulutiou  of  {Mtnasie  lulrut^  is  lilC«.-rHt  through 
a  wdl-pidverized  day  soil  etmtaiuiug  an  admbitiire  of  insoluble 
eiiiu]iouud3  of  magnesium  mid  cal.-iiiiii,  sneb  na  nie  met  with  in 
almost  any  ordinary  aoil,  the  water  wbieli  dr:iiiis  olf  will  eon- 
tuin  very  little  if  indeed  any  potussium;  but  it  will  havu.  in- 
stead, magnesium  ami  (-aldu  nitrate  in  appreeiiible  aianiinl.  But 
this  aliaorptivo  [Hiwer  of  a  soil  is  soon  satisfied ;  fur  aflsr 
a  certain  amomit  of  jmtassinm  has  been  removed  no  more  ia 
tatien  up. 

The  slrength  of  the  saline  solution  affects  the  amount  of 
absorption,  more  of  the  base  being  aljsorbed  fi'om  ati'ong  solu- 
tions. DilTerent  substances  are  absorbed  by  the  soil  in  dilTeivnt 
amounts;  thus  in  the  ex|i^nmcnta  by  Peters  the  bases  were 
absorbed  in  the  followinjf  order:  (1)  I'otosaa,  ('i)  .Ammonia, 
(3)  Soda,  (4)  Magnesia,  (5)  Liiac.  DilTerent  soils  absorb  tlio 
same  substance  in  different  amounts,  dciiending  u|)o;i  the  physi- 
cal condition  of  the  soil,  but  chiefly,  it  is  liclievcd,  n|x>n  tho 
tiio<le  in  wliicb  tliu  snlutonee  is  combined  ;  thus,  more  potassa  is 
absorbed  from  tlic  phosphate  than  from  the  ciirbonate,  and  more 
from  the  latter  tlum  from  the  siilphfltc. 

In  general  it  may  tw  said  that  the  salts  of  the  alkalies  and 
the  alkaline  enrllis  arc  so  absorbeil  by  rich  soils  that  the  luisca 
are  retained  in  new  comliinaliona,  while  the  acids  puss  off', 
having  .ilso.  of  (■oui-se,  formed  new  coml>i nations.  Tlie  phos- 
phates and  silicates  ore  retained  iiuiJeeuini>os«il.    The  etise  uf 
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the  latter  compounds  may  Im*  regarded  as  the  onlinarj  physi- 
cal absorption,  that  of  the  former  as  tlie  so-called  chemical 
absorption. 

G55.  The  matters  absorbed  bv  the  soil  mav  l)e  released  after 
a  time  and  pass  into  solution  again,  or  they  may  be  displaced 
from  the  soil-particles  by  the  filtration  of  new  solutions.  When 
it  is  remembered  that  rain-water  exerts  a  |K)werful  solvent  action 
iiI)on  some  i)ortions  of  the  soil,  and  that,  on  the  other  hand, 
the  soil  can  remove  fron)  aqueous  solutions  some  of  the  matters 
theixan  dissolved,  the  complicated  nature  of  the  problem  which 
presents  itself  is  at  once  appai^nt.  Examination  of  the  waters 
which  drain  through  soil,  and  which  may  fairly  represent  the 
resultant  of  the  solvent  action  of  the  water  and  the  absorptive 
lK)wer  of  the  soil,  shows  that  from  thirteen  to  fi(ty  parts  of  solid 
matters  may  remain  dissolved  in  100,000  parts  of  water.  (The 
question  of  nitrogen  compounds  in  drainage-water  will  be  ex- 
amined in  a  subsequent  chapter.) 

656.  Condensatiou  of  gases  by  soils.  Soils  have  the  |X)wer  of 
condensing  in  their  poi-es  certain  amounts  of  different  gases. 
These  condensed  gases  are  released  when  the  soils  are  subjected 
to  a  high  temperatui*e,  sa}*  140°  C,  and  their  amounts  can  tlicn 
be  measured.  The  figures  l)elow  give  the  results  of  the  meas- 
urements in  several  instances,  100  grams  of  soil  being  taken 
in  each  case. 

SoIL  Cubic  ceiiUmeten  of  gas  yielded. 

Peat 162 

Clay 80 

Moist  garden  soil 14 

It  is  found  that  in  the  soil  there  is  present  a  smaller  amount 
of  oxygen  and  a  larger  amount  of  nitrogen  than  in  the  atmos- 
phere. The  percentage  of  carbonic  acid  in  the  soil  is  also  some- 
what lai-ger  than  that  in  the  atmosphere;  especially  in  soils 
which  contain  much  organic  matter. 

657.  Root-absorption  of  saline  matters  firom  soils.  Having  seen 
that  the  soil,  the  principal  medium  in  which  roots  extend,  pos- 
sesses the  power  of  absorbing  and  retaining  water,  saline  mat- 
ters, and  gases,  attention  must  next  be  directed  to  the  conditions 
under  which  the  root-hnirs  can  abstract  from  it  the  matters 
requisite  for  the  plant.  These  conditions  are  (1)  presence  of  free 
oxygen,  (2;  a  certain  temperature,  (3)  the  presence  of  saline 
matters  in  an  available  form  in  the  soil. 

658.  Free  oxygen  is  necessary  to  all  protoplasmic  activity, 
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and  the  pUnt  will  speedily  show  wlion  the  amount  reqnired  for 
tilt'  al)sor|itive  activity  of  its  roots  is  iiot  furnished.  DitferfUt 
t)la[it8,  liowcvcr,  I'eqiiiro  differcut  amounts :  tlius  aqiiatios  and 
lunrsl I- plants  do  not  need  so  mnL-h  oxy^ii  for  their  roots  aa 
do  plntits  which  ordinnrilj'  grow  in  a  |>oroii8  soil.  Partial  ex- 
chisiuii  of  ox3'gen  fi'oin  tlie  roots  of  the  latter  bj-  keeping  ihe 
Boil  saturated  with  watvr  uanally  injuivs  the  plants  in  a  abort 
Uine. 

It  has  hi-cn  shown  by  Sadis  and  others  tlmt  seedlings  of  many 
plants  normally  growing  in  dryish  soil  will  d^'volop  if  treated  aa 
ni]UAtics ;  better  residts  aiv  obtained,  however,  if  air  is  occasion- 
ally passed  throngh  the  wnter. 

G."»9.  The  temperature  needed  for  the  absorptive  activity  of 
roots  varies  wilh  different  plants.  It  may  be  said,  however, 
tliat  for  any  given  plant  the  absorptive  power  increases  with 
increase  of  temperature, 

61)0.  Different  soils  have  very  diffeivut  relations  to  temper- 
ature. Leaving  out  of  account  ttie  small  amount  of  warmth 
derived  n-om  the  chemical  changes  going  on  in  the  soil  by  whidi 
lieat  is  evolved,  it  may  he  said  tlmt  the  heat  of  the  soil  is  derived 
from  the  stin's  rays.  The  angle  iit  which  these  rays  strike  the 
soil  must  have  a  great  influence  ii|>ou  its  temperature.  Agaiu, 
there  are  vaiious  local  causes,  such  as  protecting  or  reQeuting 
walls,  which  may  considerably  modit^'  the  temperature  in  any 
given  case.  The  soil  itaelf  exerts  a  marked  influence  upon  the 
amount  of  lieat  which  it  can  receive  and  retain.  Dark  soils  a1> 
sorb  licat  most  readily ;  htil  it  has  l»?en  sliowri  that  black  soils 
arc  less  absorbent  of  beal-rajs  tlian  arc  those  which  are  dark 
gray.  The  radiating  [wwer  of  a  soil  depends  niron  the  character 
of  its  surface,  being  nindi  greater  in  the  case  of  fine  mould  than 
iu  that  of  coarse,  gravelly  soils. 

6G1.  It  must  l>e  noted,  however,  that  the  heat-rays  which  fall 
upon  a  given  soil  may  have  dilTerent  degrees  of  intensity.  Some 
bodies  (e.  3.  lampblnek),  can  absorb  and  give  off  by  radiation 
heat  of  high  as  well  as  that  of  low  intensity ;  while  otiier  Itodics 
{e.  g.  snow),  absorb  heat  of  low  intensity  only,  llcat  of  high 
iuteiisity  is  converted  into  that  of  low  intensity  bj*  the  int<'ipo- 
sition  of  a  black  covenng  uf  any  kind  which  can  absorb  it  and 
give  it  out  below  as  heat  of  low  intensity. 

GC2.  At  the  deptti  of  fidy  feet  the  teni])eratui-e  of  the  soil  in 
the  tem|>enile  zone  ^aiics  within  the  limits  of  one  degree,  and 
at  a  depth  somewhat  lielow  this  it  is  constant,  The  %iationaiy 
temperature  at  anch  a  depth  is  Uie  aoiue  aa  that  of  the  mcaa 
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annual  UMnporuture  of  the  atmosphere  in  temperate  regions.^ 
AloiHtun)  exert8  a  very  gi'ent  effect  in  equalizing  the  capacities 
of  ditfeivnt  soils  for  absorbing  and  retaining  heat. 

(>()t).  That  the  saline  mattei^s  in  the  soil  must  be  in  a  form  in 
which  the  phmt  can  make  use  of  them,  appears  from  what  has 
biHMi  said  about  osmosis.  It  should  be  s|)eeially  noticed,  how- 
ever, that  younger  I'oots  may  exert  a  solvent  action  upon  soil- 
particles. 

HiH>t-hairs,  as  Sachs*  has  shown,  evolve  small  amounts  of 
acidf  which  exert  a  distinctly  corix>sive  effect  uiK>n  certain  min- 
eral matters  with  which  they  come  in  contact.  Hence  there  is  a 
continual  unUx^king  of  the  nutritive  mineral  materials  fastened  in 
the  soil ;  the  ivlease  being  at  tlie  very  points  where  the  root-hairs 
are  present  to  absorb  them. 

ASH  COXSTITUEXTS  OF  PLANTS. 

664,  Thi^so  oci*ur  in  all  parts  of  plants.  It  has  been  shown 
(p.  ^^l^"^  Im>w  IVoquently  ivU  walls  are  impregnated  or  incnisted 
bv  mineral  matters,  which  at\er  careful  ndciuation  mav  be  left 
as  a  distinct  skeleton  of  thv^  tissues  of  which  they  formeil  a  part. 
But  the  matters  within  cells*  both  the  protoplasmic  substance  and 
tlie  ivlKsap,  also  i\>ntain  a  certain  amoiuit  of  incombustible  nia- 
ti>ria).  The  total  auKHiiit  of  ash  constituents  varies  greatly  iq 
ditTerent  plants*  in  different  i^arts  of  the  same  plant,  and  also 

^  FVtthdiUvkv,  S«.hI  Tempentuirs ;  HvKi^btou  Turn  £x{«rnment  IV^ortnieiit), 
1S54,     See  aU>  Kdoiv  Ajcricultur-Ciieniitr,  u  IJ'^N  p.  4<W. 

*  MvvUeiiluwr  (Bevtrsye'.  in  I>li  rxj»cv3ia»fd  ibe  view  ilut  twc»  probtblT 
«K  Arv^  certjia  iudittifr»  vbioh  can  uqI«kkw  numiive  lUAieruL^w  IV  CaB*loUe 
t  l%r!U^'4^yv«  1$$:!^  \I<r$cnbtfd  ibe  cvYTv>^\*e  Ac:iou  «>f  li.  hea^  on  rmderlriiig 
ivx'k^ ;  JOEsi  Li«:0<^  ia  15;$:^,  readied  the  ac:ioa  of  ruois  o&  iL<  vxCv-r  cf  hsma 

5^%^  K<'*  expprlawn:  .I>*^'"  »  *-!!  id:iiv:ed  to  cLu»  desocitntica.  A  pwl- 
ii^<^  ivft^*  oJf  aa*ftr*.'^<e  Si  .vrvml  vi:h  3b:i<  stv^usc,  jud  in  :his  a  fw  see(i:»  are 
|4*B^nL  Af^er  tbw  xv^il^xxf  iA»>f  ^^aa  for  *  tiasr  :I:e  «i«-^i«  »  resotwi. 
vbMtt  tie  ^axHL*  let:  arva  :Le  »Cwv:«  Ly  :h.e  .vrrvxii:^:  rA:>:^  oii  S-  ibiialr 

k^'V. •  .'.rr»,"»iTv  ti  Ticffie   .-adj-sv     Ii  tz  -\~rr*,2:rrT  ":ry  N.ii.j.  tL*.-  r-.vil-sC*  jf 
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in  many  casea  with  the  age  of  the  plant.     The  following  table ' 
indicates  the  per  c«nl  of  ash  in  a  few  instances :  — 

Turnip  (fi-csli) 7 

Sasc^r  beet  (fresh) 8 

PoUtwsfrreBb) B 

RnlcWi'r  (fnub) l.S 

Reil  clover  (ilry) C-0 

Biirli-wowl  (ilrjr) 8 

Apple-lire  wood  (dry) 1.1 

Wahiut-wood  (dry) 1.5 

Birah-Urk 1.1 

Mulberry  ImTcs  (rrcBii) 1.1 

KorK-cIintDiit  leare*  (spring) 9.1 

Honc-cbmlnuc  leaves  (aiituinii) 3.0 

A|i|iIm  (rriwli) 3 

Pears  (fraah) 4 

Flmw*.! S.S 

CluYPr-wed S.S 

Hi'in|>'M«il 4.B 

B«n^h-iii>te S.7 

Wboat'gniitia 1.7 

Kemp  (entire  plirill 2.B 

66ii.  Corapwillon  of  the  ash  of  plants.  Examination  of  trust 
wortliy  analyses  of  the  ash  of  flowering  plants  shows  that  certain 
elements  arc  nlwnj-s  pre-ietit  in  it.  Tlicse  arc  potastium,  calcium, 
magnegium,  anil  phogpltortis.  Besides  Uiese,  whioh  alwara  ap- 
jKiar  in  npprccinhle  nmonnt,  there  are  others  wliich  are  nearly 
or  quite  as  constant  in  o<.'curr('noc,  althongh  in  some  reports  of 
analyses  they  are  not  given,  because  vsisting  fii  such  small  pro- 
imrtion.  They  are  iron,  chlorine,  sulphur,  and  aodium.  The 
elements  mentioned  ai-e  nsnaily  recorded  in  anal^'ses  in  tlie  fol> 
lowing  t-omliinHtinns :  |)otassa,  phosphoric  nc-id.  limv.  magnesia, 
sulphuric  acid,  soda,  and  ferric  oxide.  But  it  is  to  l>e  otisen'cd 
that  the  combinations  stated  in  llic  tabulation  of  analyses  are  by 
no  menns  designed  to  oxUibit  all  those  in  which  the  elements 
occur  in  the  plant ;  for  instance,  the  sodium  and  polaBsiirm  aro 
presumably  combined  with  the  chlorine.  Again,  it  mnst  be  no- 
ttcod  that  (ii>on  combustion  the  mineral  matters  in  the  plant  are 
ooinuiingled  with  a  larger  or  smaller  amount  of  carbonates,  tlie 

>  E.  Wolir,  Din  Hitlli!r«  ZuumineiiwLcunj;  dvr  Asi'be.,  \9A!i,  i>.  77  tt  trq. 
flm  alio  au  eiwlletn  rcriwJ  tmiiiUtioii  of  Wolfl's  tables  in  Iho  Appendix  of 
Johnuu'i  "How  Cr<i[H  Crow"  (l8t)S).  For  tlie  pcnviiUiffe  of  ath  in  treea 
BU'I  wooilir  plant>,  as  well  aa  the  aiiwuiits  of  phmpborir  ai-i'l  mid  jiotJish  found 
in  luuh  aali,  ie<<  q  very  raliialilc  table  b]r  Slater  (Bullctia  Boaicy  Inititutian, 
1S74,  pik  207-IlS). 
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amount  depending  somewhat  ^^upon  the  temperature  at  which 
the  ash  is  prepared."  In  the  following  short  table  a  few  of  the 
many  analyses  collated  by  Johnson  *  have  been  brought  together 
to  exhibit  the  proportions  of  the  ash  constituents. 


Name  of  plant 

1 

Lime. 

8 
& 

Sulphuric 
acid. 

• 

1 
g 

£ 
1. 

1 

• 

o 
c 

■c 
.2 

mm 

O 

2.8 

Root  of  sugar  beet  . 

48. 

14.4 

6.4 

9.5 

4.7 

10.4 

8.8 

Potato  tubers     .     . 

60.9 

18.3 

2.4 

4.6 

7. 

1.7 

.9 

1.9 

2.7 

Stalks  of  Indian  com 

36.3 

8.3 

10.8 

6.7 

5.2 

1.25 

2.4 

28.8 

Wheat-grain      .     . 

31.3 

46.1 

8.2 

12.3 

3.2 

1.9 

CCG.  The  foregoing  table  indicates  that  wide  divei*sity  exists 
in  the  amounts  of  the  oixlinarv  ash  c*onstituents  of  common 
plants.  But  comparison  of  a  large  numl>er  of  analyses  shows 
that  the  following  general  statements  may  be  made :  — 

1.  Plants  which  closely  resemble  each  other  in  structural 
characters  have  substantially  the  same  proj)ortions  of  ash  con- 
stituents. 

2.  The  proportions  of  the  ash  constituents  in  an}*  part  of  a 
plant  may  vary  within  certain  limits ;  and  these  limits  ma}'  differ 
at  different  i)eriods  of  growth. 

3.  The  proix)ilions  ma}*  var}*  widel}'  for  different  parts  of  the 
same  plant. 

667.  Not  onl}*  are  the  elements  enumerated  in  the  first  list  in 
665  always  present  in  the  ash  of  flowering  plants,  but  they  are 
shown  by  exi)eriment  to  be  indisixmsable  to  their  full  develop- 
ment; and  there  is  a  reasonable  certainty  that  iron,  sulphur, 
and  probably  chlorine,  sliould  be  placed  in  the  same  category  of 
indispensable  elements. 

According  to  Niigeli,*  some  of  the  flowerless  plants,  notably 
the  moulds  and  the  schizoroycetes,  can  attain  full  development 
with  fewer  elements. 

WATER-CULTURE. 

668.  Apparatus.  While  chemical  anahsis  of  the  ash  of  plants 
reveals  the  character  of  the  mineral  matters  which  they  absorb 
from  water  and  soil,  it  cannot  materially  aid  tlie  investigator  in 


1  How  Crops  Grow,  1808,  p.  150. 

«  Sitzungsb.  d.  bnyer.  Akad.,  1879,  p.  340. 
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learning  the  o([]ce  of  each  eoiisUUicDl.  Tliis  is  more  8nti»ruc- 
toiily  iu.Tuiiii)liitlieil  by  waU>r-t:ul[iire.  wliiuh,  rcdiiw-<)  to  iu  ttim- 
plcst  U-Tins,  consiata  in  riiriiisUing  U»  tlic  ])liiiiL  unilor  proper 
coiulltitina  (lilTtrcut  mineral  mattvrs  in  uqiicous  sijliition,  and 
noting  Llieir  cfTwU  ii|Kin  it.  It  has  liecn  long  known  tlmt  plants 
can  Iks  grown  U>  a  <!unsideral>lu  size  in  onlinury  riv it- water,  or 
wat^r  holding  in  aolution  certain  luincral  salts.'  Itnt  it  was  not 
unti\  18.^8  that  tlic  muUiod  or  wiil«i^cultiire  was  srslcmaticiilly 
aiiiilied  by  Sachs.  Knop,  ftnd  Nnlihe  U>  tliu  iuvcHti gallon  of  the 
rotative  vahie  and  the  office  of  the  difr«n:i:t  mineral  constituents 
in  the  nutrition  of  plants.  It  has  aiuc-c  been  widely  employed  in 
tlio  examination  twith  of  flowering  and  flowcrless  plants. 

GG'J,  The  mellio)!  adopted  Tor  ordinary  flowering  pinnta  is  es- 
senliully  as  Tollowa ;  Heeds  nje  made  to geiiniuate  upon  some  ckaa 
si]|)iinrt,  for  instance  moist  sponge  or 
cotton.  horsc-bftirdotJi.or  peifurated 
|)arehn)ent-|)n|>er.  and  when  Uie  itiut 
of  the  aeedltng  ia  a  few  ci'iitimetera 
long  uid  Uie  plumule  is  somen  lint 
developeil.  tlie  planlbt  is  aectirol  to 
ft  firm  su|i|>ort  at  the  aurl^-e  of  u  ly 
lindrieal  glass  vessel,  in  sni-li  a  man 
tier  as  to  allow  the  rrwrls  to  dip  lulu 
tlic  nutrient  liquid  whiili  it  vonlauH, 
while  the  body  of  the  eeeil  is  not  iiu- 
merscd.  One  of  Uie  simplest  siij)- 
ports  for  the  pinntlet  is  shown  in 
Kig.  145.  A  perforated  L-oik  is  viit 
in  halves,  and  the  two  parts  arc  held 
togetJier  by  a  spring.  Tlie  tiressure 
exert«)  by  the  spring  is  sufficient  to 
keep  tlie  plautlet  in  plaee,  and  nut 

eiiodgh  to  injure  it  in  ony  way.  When  tlie  plant  has  attqined 
the  height  of  n  few  iiiehea,  it  is  well  to  provide  a  firm  nxl  M  the 
side  of  tlie  cork,  au  tliut  the  stem  can  belield  in  pla<v.  Certain 
prec>antiuns  have  licen  found  advantageous :  ( 1 )  tli>-  iiMts  in  tJie 
liquid  should  be  kept  dai^ened  :  ('i)  the  solution  should  l)c  fre- 
quenlly  renewed. 

When  skilfully  managed,  this  method  of  culuire  gives  very 


■  Wooilwiinl  {rlii1a9u|ihinil  TiuqgicUoivs  1600)  ind  Dubamel  (TniiLA  il«s 
Ai'bna,  17tiS)  huve  giveu  accouDls  of  Uwir  cultiTsUoa  of  nrioua  [daut*  in 
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satisfactor}'  results ;  in  many  cases  plants  have  been  carried 
safely  throiigrhoiit  their  whole  development  from  seed  to  seed. 
The  principal  difficulties  arise  from  the  invasion  of  moulds,  and 
from  the  continual  changes  which  the  nutrient  solution  under- 
goes. 

670.  In  Tharandt,*  where  the  method  has  been  very  success- 
fully applied  in  numerous  series  of  cultures,  the  following  out- 
fit suffices:  (1)  small  glass  vessels  covered  with  gauze,  upon 
which  the  seeds  swollen  by  twelve  hours'  immersion  in  water, 
and  subsequently  sprouted  on  filtering-paper,  are  placed  for 
fuilher  development ;  (2)  wide-mouthed  vessels  of  the  capacitj*, 
respectively,  of  one,  two,  and  three  liters,  each  of  which  is  pro- 
vided with  the  spring  and  cork  already  described. 

671.  63-  the  careful  use  of  these  simple  appliances  the  r61e 
which  each  of  the  ash  constituents  plays  in  the  life  and  growtli 
of  plants  has  been  ascertained.  But  although  there  is  a  sub- 
stantial agreement  among  experimenters  as  to  the  more  im^^or- 
tant  points,  there  are  a  few  unsettled  questions.^ 

672.  Normal  natrient  solotion.  It  is  plain  that  an  aqueous 
solution  of  the  salts  necessary  for  the  most  active  and  complete 
development  of  the  plant  should  have  these  salts  in  the  right 
proportion.  The  solution  advised  for  ordinary  nse  in  the  above 
exi)erinients  is  gcncraliy  known  as  the  Tharandt  normal-culture 
solution.     Nobbe  •  gives  the  pro[K>rtions  as  follows :  — 

^  Success  in  water-cnltnre  demands  the  closest  attention  to  all  the  external 
conditions  of  the  plant.  The  amount  of  light  and  heat  must  be  carefully  regu- 
lated, and  the  ])lants  must  be  kept  free  from  any  insects  and  ]iarasitic  fungi. 
The  latt^'r  is  one  of  the  most  diflieult  and  di8couni<;ing  tasks  connected  with 
the  metliod  of  ex])ennicnting.  In  order  to  secua*  the  best  surroundings  for 
the  cultivation  of  plants  in  water,  a  heavy  table  moving  with  wheels  on  rails 
has  been  employed  at  tlie  ex}»eriment-station  at  Tharandt ;  upon  this  the  glass 
vessels  c:in  be  earned  with  the  least  liability  to  jarring,  from  the  open  air  in 
tlie  daytime  to  a  suitable  protection  at  night  or  during  wet  weather. 

^  Moreover  it  is  to  be  borne  in  mind  that  the  conditions  of  water-culture 
are  very  unlike  those  of  onlinury  culture  in  res|H*ct  to  the  snn-oundings  of  the 
roots  themselves,  and  it  is  believed  that  to  this  difference  of  conditions  may  be 
ascribetl  some  of  the  unsettled  questions.  The  root -hairs  developed  in  contact 
with  moi^t  particlc*s  of  soil  are  not  the  same  as  tliose  grown  in  water  alone. 
To  avoid  this  ]K)ssible  source  of  eiTor,  various  finely  divided  substances  have 
been  suggested  as  a  pro]H>r  siipiiort  for  the  roots  and  rootlets  ;  for  instance, 
the  charcoal  from  sugar,  powdered  quartz,  etc.  When  these  are  employed,  the 
roots  of  the  plant  are  made  to  grow  directly  in  the  artificial  soil  which  is 
watere<l  with  the  exi)erinn*ntal  solutions. 

■  By  the  use  of  this  solution  buckwheat  plants  can  be  carried  through  their 
entire  development,  as  is  shown  by  Nobbe,  in  Versuchs-Stationen,  1868,  p.  4. 
He  arranged  nine  plants  in  five  vessels,  each  of  three  litres  capsicity,  in  such 
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t  EquirnleiiU  of rotiusii.'  chloride 

1  Ei]iiivaIcnU  nf Ciili'in  nilnte 

1  E<[uiTiWut  of     •    .     •      Uiiyiioiiii:  aulpliule  (cryaUilIued) 

One  part  of  the  mixture  of  these  snits  la  to  be  dissolved  in 
one  tlioiiRniiil  parts  pure  vriiter,  and  llicn  a  traiv  of  feriic  plios- 
|>lmte  is  to  l-c  added,  and  nt  tiiD<-s  during  any  (.nltnre  a  trace 
also  of  potnssie  plKisphate.  Tbe  proi>ortioits  of  Ihe  above  salts 
to  a  liter  of  water  are  given  as  follows  by  BrclfL'ld  : '  — 

Qnm. 

PoUiniv  cllloriilc 207 

Calniu  nilnte t5« 

Magnssio  Buli'liitc.    ...,..- 171 

673.  Pfeffer  reuommejidd  ibe  formula  suggested  bj-  Kiiop:* — • 

Calcic  nitrate 1  porta  hj  weight 

PotaMJc  nitrate 1  part  bj  weight 

Magntsic  stilphati<  (Ljrj'BUlILMii)   .     >    .  1  ]art  by  weight 

Potitsiiir  phonphate 1  |urt  by  weight 

These  salts  aii)  to  be  thoi-oughly  mixed  and  tbc  mixture  used 
in  tlie  prHi»>rtioii3  of  jo'oo'  n'om  lio  paits  of  water.  To  the 
solulions.  when  ready  for  use,  a  drop  or  two  of  a  solution  of 
some  iron  salt,  or  a  decigram  of  ferric  phospliale,  must  he 
added. 

C74.  AeiTonling  to  Knop.  the  Rrst  of  tlie  solutions  mentioaed 
above  (one  half  pro  mille)  is  as  ddntc  as  eiiu  be  useflil :  and  on 
the  other  hand,  a  Hve  pra  mille  solutiou  is  as  strong  as  can  be 
employed  wltli  safety.  But  llie  stronger  solution  should  be  used 
as  the  plant  comes  into  Hower.  The  slight  turbidity  whiL-h  ia 
frequently  noticed  in  these  solutiona  may  he  disregarded. 

If  the  BohiUons  become  alkaline  while  in  contact  with  the 
roots,  as  thpy  are  very  apt  to  do,  a  trace  of  dilute  nitric  acid 
may  be  adde<I  with  ailvantage.  But  it  must  not  be  foi-gotteu 
that  it  ia  best  in  everj'  case  to  renew  the  solutions  fi^quenlJy, 
and  as  a  i-ulo  to  eni)tloy  tbeni  in  tolciably  l.ii^e  smouuto. 
Moreover,  it  is  advantageous  to  pass  a  current  of  air  oceasloQ- 
ally  through  the  solutions  in  which  the  roota  are  placed,  for  the 
puriMse  of  supplying  more  oxygen  to  them.* 

*  niaiinvr  that  1  otul  3  uontaiued  one  plant  iiai-l),  3  and  1  tirif  plant!  Mob,  anil 
5  thira  planU. 

'  Das 'Wtsui^hgiiresen  aufdeniGeljii^der  PfianzenpbyBiolagie,  1SS4,  p.  120. 

*  [.cliiliueh  iler  Agriciillnr-Chrmie,  i,  lSd8,  1>.  SOS. 

*  For  sotutians  for  tL«  cultivation  of  fungi  various  romiiilis  liave  heen  pn>- 
ptawl,  only  a  Gnr  of  which  cud  bu  here  referred  to :  (1)  3  to  8  gnun*  of  m^ir 
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G75,  'Hie  cxiusliUients  may  ha  tnkcn  u|i  bj  tlie  roots  ia  lai'ger 
propoi-tioii  than  the  needs  of  tlic  plant  dcmaud.  The  excess 
jn.iy  (I)  i-emnin  in  solution  in  the  sap  of  tlio  plant,  (2)  may  es- 
cupe  to  a  slight  exlent  thiuiigli  euperficial  paiU,'  (S)  tnay  form 
insoluble  iditu stations  or  niiicrctioiie  iiimn  or  in  ibe  pliiiit.^ 

676.  The  oSce  of  Uie  different  aah  comtUtaentit.  Polutnium. 
The  most  conclusive  evideiiee  in  regard  lo  tlie  iiiijKX-tuiit.'e  of  this 
element  is  alfoi-dcil  hy  cxijerimenu  hy  Nobbe.  hcbroeder,  stHl 
Erdmann.'  Plants  of  Japanese  bnekwlieat  wi-ve  grown  in  a 
nutrient  solution  IVec  IVoin  any  trace  of  a  ]>otas&ium  salt.  Rx- 
aniiiiation  after  a  few  weeks  showed  that  all  tite  organs  of  the 
plants  were  free  from  starch,  and  that  sltlioiigh  the  points  of 
growth  reniuiucd  sound,  nL  giowtli  bad  pmctiially  ceased.  Even 
in  the  cbloropbjU-granules  not  nioi-e  than  a  trace  of  elarch  conld 
be  delected.  As  soon  as  a  salt  of  potassium  was  added  to  the 
water,  the  plants  bc^n  to  grow  again,  and  th«uecrortfa  the  dc- 
velojiment  was  normal.  From  the  same  seiies  of  exiteiiuicnis  it 
appeared  that  tbc  chloride  was  the  best  form  in  nhich  potassium 
could  be  gi^-eu  to  these  plants,  and  the  nitrate  tlu-  next  best:  while 
on  the  other  hand  the  phosphate  and  the  sulphate  api)eared  to 
exert  a  less  favorable  etfcct  Aller  use  of  a  solution  of  the  latter 
salt  the  leaves  were  Hesbv,  more  or  less  rolled  tip.  and  It  was 
evident  that  the  sturcli  loruicd  in  tliem  was  not  tninsfcrred  lo 
the  oliier  ot^aos  of  the  plant.  N'obbe's  statement  follows : 
"The  production  of  starch  in  the  leaves  is  not  dependent tipoa 
'the  form  iu  which  potassium  is  afforded  to  the  plant,  but  this 

in  100  colriu  ouirtiiiistcrs  of  water,  to  whivll  }  to  3  |m  mille  of  tlie  aliov«  titlla 
(«ca  fl73)  mw,j be  hAIlbA.  Mid  «ko  >  tmce  of  ■tnuMiuic  Urtrnte  {?hS-sr.  I-Honwui- 
pbyaiolngie,  i,  p.  254);  (2)  raateiir  (Ann.  de  Cliintie  et  dc  Pb}-8ir[iie,  1802, 
)!.  t06)  reuoniiiiBmU  the  lulilitloD  to  100  c.cm.  of  nntt-r,  of  11)  gntiis  of  ciin«- 
safftx,  .SginmorninniDDiu  liirlrat«,  >iid  .1  gram  of  the  bbIi  of  ytiost  i  (3)  Nttgcli 
|:4iuiing!ib.  it.  btyir,  Akid.,  1S76}  ban  the  fuUowtng  :  100  cm.  water,  8  gnnis 
Mne-sugnr.  I  gmni  Hniinaiiic  Urttntp,  I  granm  iihaBjihoric  aciil  avutralized  by 
the  >«Ii  of  |ieaa  or  ithiiU ;  (1)  Nogell  auggeats  alno,  for  tbo  cilltivalion  of 
SuLimmyroloit  100  cdiu.  wntvt,  .IU33  gmiii  li)'dro-|<otRagic  |>liuai>luile,  .018 
glani  uiAgncsiu  aulpliate,  ,013  gnuii  [lotauic  aulfiliate,  .OOSS  gram  calcic 
cliloriJe. 

I  Snchs(liatjii]iBdioZeitimg.  18S2.p.  264)  atntvs  tliat  (Irops  of  wnt«r  plutd 
on  the  IcuTi's  or  Tropsoinni  and  CiicurMlii  nn  fonnd  nher  ■  tinii.'  lo  b«  alkalino. 
Saimnre  (HtHilinruhiw  cbiiuiqura,  180G,  p.  363)  aawrts  that  ir  leave*  of  fresh 
Iilanls  ore  wanbed  « itU  wator,  ttis  mli  whii;h  they  yield  on  Minbustiou  is  found 
lo  be  poorer  in  stluline  nlw  Lbnn  bhiit  of  Inavea  nrhiuli  liaTe  not  lieeu  so  Ireatrd. 

*  Cyitolitba  and  tlie  lik«,  tbe  iacrusbitiaas  upou  carlalri  Kj-ccii^s  ot  Stuci- 
Inge,  are  died  aa  eiampUa  or  the  latter. 

*  VHJtuohB-Slatioueu,  liii.,  1870,  p.  357. 
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element  must  be  present  in  onler  to  liavc  any  sUtn^L  rormcO. 
Tliu  tiuiispurt  of  tlie  starch  tVoiu  llie  leaves  toother  parts  is, 
liowL'ver.  •li-|)i-tiilt^iit  ujfon  the  furiu  iu  nhieh  tlie  polAssiitin  is 
preaeiiU-'d  In  ihc  pluut,  ami  for  llib  pur[)ose  the  i;hloride  ia  most 
etBuient," 

677.  Calcium  fintl  mai^iesiiim.  These  eloinenls  cannot  re- 
place ono  another  in  Lhc  jilaiil.  though  it  is  not  clear  what  olltoo 
tliey  pei-ronu.  ITelfer  i'e|{ai'<l&  it  as  poesiblu  that  cak-ium  may 
play  an  imiwrtant  part  in  the  formation  of  tbe  cell-wall,  inas- 
much 09  it  ean  alwuj's  l>e  detecteil  there.  Mclnibuir  is  (juotetl  b^' 
PfelTer'  aa  stating  that  in  thu  cell-wall  ealdnin  gtuer4klly  exists 
03  the  carbonate.  It  is  BUgt^eeted  by  iioc-hs  that  this  element 
m.;y  enter  into  combination  nitli  cellulose,  as  it  tloes  with  somii 
other  carboby Urates. 

When  seeilHiigs  are  grown  in  pure  water  their  development 
alter  a  short  liuie  beeomea  cotnplut^-ly  ehoekwt.  and  the  aihlitioii 
of  all  neceasary  substances  except  calcium  a^ts  fails  to  stimulate 
a  normal  growtli ;  but  after  the  Hdililiun  of  a  small  amount  of 
any  calcium  salt  the  normal  prowases  of  the  plant  recommence 
at  onee.'  KeganUii);  the  almost  uuiversitl  occnri-ence  of  calcio 
oxalate  in  plants,  Sachs  says:  '*Ttie  im|>orlance  of  calcium 
must  therefore  be  sought  |MiHly  in  its  serving  na  a  vehielu  for 
sulphunc  and  phosphorie  acid  in  the  absorption  of  footl-inaterial, 
and  partly  in  its  Rsiug  the  oxalic  acid,  which  i»  poisonous  to 
the  phiiit.  and  rendering  it  linrniless." ' 

It7t:l.  P/uttphoriw,  The  principal  and  peihnps  tbe  only  com- 
bination of  this  element  iiviiilnble  for  plants  is  pliosphoric  acid 
(tlie  phosphutes).  The  es|ieriment3  by  Ville  upon  the  alisorption 
by  pinnts  of  calcic  phosphite  and  hy|mphosphite,  nltiiougb  not 
conclusive,  make  it  appear  probable  that  tlicsc  salts  cannot 
replace  the  phosphate  In  al)Bin'ption. 

It  is  not  elear  what  the  olllce  of  phosphonts  is  in  the  plant, 
but  in  some  of  ita  com|>ound3  it  is  so  ollen  assouiated  with  tlie 
solulile  albuminoids  that  it  is  believed  to  assist  in  tlic  tnuisfer 
of  these  matters.  iSchiimacber  holds  that  the  chief  work  of  thu 
alkaline  phosphates  is  the  acceleration  of  the  ditTusionof  Ibeso 
difficultly  dilliieible  substances  (tlie  albuminoids).*    (See  957.) 

I  PlImiienpliyMologie,  i.,  1H81,  p.  259, 

■  Boehtu :  Sitzuiijtiil).  il.  Wien.  Akud.  ISnnd  kxL  Aliih.  i.,  1ST3.  p.  ISI. 

•  Tcxl-l«nk,  2.1  mL,  1883,  p.  699. 

*  "  If  tli<.-»  [iiilcaiin(>  pti(»|iliiiTs<]  (utBtiacFS  are  niixrd  with  ■  soliitioa  of 
albumin,  or  if «  wlutiDn  o(  thum  i»  pcriiiittnii  to  ililTiiav  ogwiist  onu  of  sibiitnin, 
•  mocb  grailer  cuuount  of  tbe  Utter  will  paw  through  tbe  membrane  Ibaa 
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679.  Jron.^  When  a  plant  is  provided  with  a  nutrient  solu- 
tion containing  all  essential  elements  except  iron,  its  ehlorophyll- 
gi*annles  fail  to  attain  complete  development.  They  remain  in 
an  imperfect  condition,  and  do  not  have  the  characteristic  green 
color.  Upon  the  addition  of  a  mere  trace  of  a  salt  of  iron  to  the 
solution  a  change  is  observable  at  once,  the  granules  assuming 
their  proper  8ha|)e  and  color.  Plants  grown  in  a  solution  with- 
out iron  have  a  pale  and  even  blanched  look,  which  at  once 
disappears  when  iron  is  added ;  moreover,  a  local  effect  is  pro- 
duc*ed  when  a  solution  of  a  salt  of  iron  is  placed  on  the  surface 
of  the  blanched  leaves  of  such  plants,  —  a  green  color  is  given 
wherever  it  touches.  But  it  must  not  be  supposed  that  the  fail- 
ure of  some  leaves  to  pixxluce  chlorophyll  at  certain  points  or 
spots  is  always  due  to  absence  of  iron. 

It  is  not  clear  that  iron,  which  is  so  necessary  to  the  produc- 
tion of  chlorophyll,  cntera  into  the  composition  of  eitlier  the 
granule  or  the  pigment;  but  acc*ording  to  Pfeffer  thero  is  a 
strong  probability  that  in  the  latter  it  exists  in  the  form  of  some 
organic  compound.  Iron  has  been  found  in  the  cell-walls  of  cer- 
tain algae*''  (as  an  incrustation),  and  also  in  the  fruit  of  Trapa 
natans,  the  frond  of  Lemna  tnsulca,  and  spanngl^'  in  other 
plants,  as  shown  by  the  analyses  c*ollated  by  Wolff. 

680.  Chloniie,  This  element  api)cars.  from  experiments  by 
Nobbe  •  and  Beyer,*  to  be  indispensable  to  the  full  development 
of  some  plants  (6.  </.,  buckwheat),  but  it  is  not  required  for  many 
othei*s  (e.  </.,  Indian  corn).*     Nobbe  concludes,  from  his  exi^eri- 


would  othcmv'ise  he  the  case.     In  the  Hfe  of  the  plant  this  work  of  the  alkaline 
phosphates  ]ilav8  a  very  im[K)i-taut  n)le  "  (Physik  der  Pflauze,  1867,  p.  129). 

1  That  iruii  is  indisiiensable  to  the  full  vigor  of  ]»laut8  was  shown  hy  Euseho 
Oris  in  1843,  and  the  subject  was  further  studied  by  Arthur  Gris  in  1857. 
Sahn-Horstmar  (in  1856),  Sachs,  and  others  have  added  much  to  the  knowledge 
of  the  subject,  showing  that  no  other  element  can  ivplace  iron  in  producing 
the  changes  noted  nl)ove. 

*  Ci>hn  :  Beitriige  zur  Biologie  der  Pflnnzen,  1870,  p.  119. 

«  Vereuchs-Stationen,  vii.,  1865,  p.  371  ;  xiii.,  1870,  p.  394. 

*  Versuchs-Stitionen,  xi.,  1869,  \\  262. 

*  Knop :  quottti  by  Pfefrer,  Pflanzenphysio'ogie,  i.,  p.  259. 

The  conclusions  reached  by  Johnson  in  1868  appear  to  need  little  modifica- 
tion at  the  present  date.  **  1.  Chlorine  is  never  totally  absent.  2.  If  indis- 
pensjible,  but  a  minute  amount  is  requisite  in  the  case  of  the  cereals  and  clover. 
3.  Buckwhrat,  vetches,  an<l  |»erhaps  ])cas,  require  a  not  inconsiderable  amount 
of  chlorine  for  full  development.  4.  The  foliage  and  succulent  parts  may 
include  a  consid«'rablc  quantity  of  chlorine  that  is  not  indispensable  to  the  life 
«rf  the  plant"  (How  Cro^w  Grow,  p.  182). 
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RientB,  that  it  is  required  for  llie  trniisfer  of  starch.  Asswiating 
thia  view  witU  wlint  is  known  regarding  the  offlw  of  ]>otassiiini. 
it  is  eits^'  to  sett  wLy  (wlassic  chloriilu  should  be  so  ueeAil  a 
salt.' 

OS  1 .  Sulphur  ia  aliaorbed  by  plants  in  the  form  of  the  soluble 
sulphates.  These  are  believed  to  undei^  iinntcdiale  deL-oiiipo- 
eition  in  tlie  plant;  for  example,  eitk-ic  sulphate  is  dceuiniiueed 
at  onoe  hy  oxalic  acid,  and  calt-ic  o^calatc  is  forroe^l.  The  sul- 
plmrie  ot^d  iJius  set  fi-ee  is  reduced,  the  sidpliur  entering  into 
the  constitution  of  the  nlhumiDoida'  (see  8^-1). 

(182.  Sodium  Baits  cannot  wliull}'  replace  potassium  salts  in 
tliu  plant  1  nevei'thele^s,  fur  a  portion  of  the  [lotassium  needed 
bj-  the  plant  nn  cqnivitlt;nt  amount  of  sodinin  citn  in  some  cases 
be  subsliliited.  It  has  l>eeii  found  |MSsi1)le  to  eulttvate  sueeess- 
Aiily  some  maritime  plants  nhidi  normally  contain  a  certain 
amount  of  sodinm  sails,  tvhen  iK>tassiuni  has  replaced  sodinin 
in  the  wnK-r  ftimishod  to  the  plant. 

683.  Barer  consUtaonts,  Besides  ihe  ash  constitncnts  always 
detected  in  pliinis,  there  are  ci'rtiiin  elements  which  are  only 
occasionally  met  with  in  greater  or  less  amount,  and  these  wilt 
bo  next  considered. 

084.  Silioitim.  This  clement  is  so  abundant  in  the  ash  of 
many  grasses.  Equisctaceie,  tU;.,  that  it  almost  claims  a  place 
in  the  list  of  indis[>ensable  elements ;  but  esiieriments  have 
shown  abnud:inlly  that  in  grasses  at  least,  ihe  pro[mrtion  of  it 
pifseul  can  be  rcilni'ed  to  a  very  Inw  (loint  without  materially 
affecting  the  vigor  of  the  plant  or  the  strength  of  the  culms. 
Thus  Sachs  *  showed,  in  186:i,  that  the  amount  of  silicic  acid  io 
the  ash  of  Indian  com  could  bo  reduced  frnm  18  [wr  cent  to  .7 
per  cent,  without  Injurious  effect  on  the  plant. 

685.  Zinc  has  liccn  detect«<l  hi  many  plants  grown  on  soil 
containing  it  in  considerable  amounts;  for  Instance,  that  at 
Altenhei^'  (near  Aix).  Freytag*  fonnd  that  all  plants  esperi- 
mented  npon  were  able  to  atisoib  mora  or  less  zino  when  It 


*  Brpirdd  :  Da»  Versmhsorwn,  18S4,  ji.  131. 

*  Ui'Uuer:  Finra,  1SC7.  Au  iuton'sliiiK  ini>rr  bj  Hilj.'ora  (I^ioitsh.  Jtbtb., 
tL,  18(17.  p.  2SS|  gives  an  mximul  of  Uie  forniKtian  of  crysUla  at  i:^!!:!!:  oxnlala 
in  vuitius  |iarU  of  jiUnU,  anil  iiresenta  pertain  ipeculationi  u  Ut  Uidr  nrigiu. 

»  KU'iB,  1863.  p.  53.     FurlliBr  cxprrimifiiU  are  rworleil  I'J  Knop  (Ver- 
-    'iB-SuUorieii,  iv..  1863.  |..  lid),  RmitcnWrK nml  Kiilni  (Vt-rauchs-SUtioneii, 
1S6),  p.  3se),  Bimrrand  LnciiiiuB{Ver>.u<:U.Stiitinneti,  viiL,  1H(I6,  t>.141). 
Saclia :  Handliutlj  dur  ExpFrinirQtol-pbjiJolQgie,  18BS,  ji.  1S3. 

*  Cheniidtet  Ccntral-blatt,  U70,  p.  S17. 
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was  offered  in  large  amount;  ncveilbeless,  Gorup-Besanez^ 
could  detect  none  in  peas  and  buckwheat  cultivated  in  a  soil 
containing  a  fair  amount  of  zinc  carbonate.  It  is  sometimes 
said  that  Viola  tricolor  and  Silene  infiata  grown  on  zinc  soil  take 
up  an  appreciable  amount  of  tliis  element;  and  further,  that 
certain  phints  are  directly-  affected  in  shai^e  by  the  presence  of 
zinc  in  the  soil ;  in  fact,  varieties  based  u(K>n  this  supposed 
relation  have  been  described.  The  experiments  of  Hoffmann,'' 
however,  throw  much  doubt  upon  the  relation  of  the  zinc  to  a 
change  of  form,  except  in  the  single  case  of  V^iola  lutea. 

Aluminium 'occurs  in  traces  in  many  plants,  while  in  species  of 
Lyco|>odium  (e.  (j.  couiplanatum)  it  is  present  in  large  amount. 

Manganese  ^  is  abundant  in  the  ash  of  Trapa  natsins,  Quercus 
Bobur,  and  Castanea  vesca. 

Caesium  and  Rubidium  *  have  been  detected  by  the  8|>ectro- 
scope  in  minute  amounts  in  many  plants. 

Fluorine'  has  been  found  in  the  ash  of  Lycoixxiium  clava- 
tum,  and  traces  of  it  in  other  plants.  Iodine  and  Bromine  ^  are 
found  in  marine  algae,  in  much  smaller  proi)ortions  in  aquatics 
growing  in  estuaries  (for  example,  Zostera),  and  in  minute 
amount  in  some  plants  grown  far  from  the  sea. 

Barium,  Sti'ontium,  and  Silver  have  been  found  in  the  ash  of 
Fucus.  Mercury,  Lead,  Copper,  Cobalt,  Nickel,  Tin,  Thallium, 
Selenium,  Titanium,  and  Boi-on  have  all  been  found  by  analysis 
in  the  ash  of  certiiin  plants,  but  always  in  the  merest  traces. 
Arsenic^  has  also  been  detected  in  a  few  instances. 


1  Annalen  der  Chcmie  und  Pharraacie,  cxxvii.,  1863,  p.  243.  This  ]wper 
contains  an  account  of  the  relations  of  agricultural  plants  to  metallic  poisona. 

2  Ik>tanisclje  Zeitung.  3875,  p.  628. 

«  Knop:  Lehrbucb,  p.  263;  Rochlcder:  Phytochi'mio,  1854,  p.  237. 

*  WohPs  Die  Mittlere  Zusammensetzung  der  A«che. 

*  Iia8i>eyres  :  Annalen  der  Cheniie  inul  Phamiacie,  cxxxviii.,  1866»  p.  126. 

*  Salm-Hor«tniar  :  Annalen  der  Physik  und  Cheniie,  cxi.,  1860,  p.  339. 

7  Chatiii,  in  Coniptes  HeuduH,  Ixxxii.,  1876,  p.  128. 

8  Numerous  referemres  to  the  literature  of  this  subject  will  be  found  in 
Sachs's  Ex[K>riu]ental-physiologie,  and  in  Mayer's  Lehrbuch  der  Agrikultur- 
cboniie. 


CHAlTEIt  rx. 

THANSFliB   OF    WATER   THKOUGH   THE   PLANT. 

68G.  WiTER  is  A  constituent  of  ail  active  t-ells.  Tlie  |)rotO 
plasmii;  body  of  Itio  l-cII  [^oastfssos  a  iimikci)  alUiiitj'  fur  it,  and 
Qt)  to  a  given  point  imii  almtnu.-t  it  fi'oni  tiic  urditiarv  anrround- 
iogs.  lint  tinder  certain  cuiiditionB  rtilfiiet:!)  it  i^aui.  irn  wftt«r- 
plant  in  full  at-Uvity  is  i-emDved  IVytu  watti'  and  eicpoeed  to  tlie 
air,  it  apevdily  loses  by  evagtoratiou  a  cu]iai<lo|-atilc  part  or  it« 
oonstitiient  water,  and  sUows  the  (.'tU'et  of  lliis  loss  by  a  <!ol- 
kpang  of  its  uell-walU  and  by  a  wilberiiig  of  all  iu  parts,  Biit 
if  only  a  small  purtion  of  tlie  [ilant  is  lifted  atrave  tlK  sui-face 
of  llie  water,  thy  loss  wUioh  lakes  iilace  will  !»  partially  mp- 
plied  by  tmnsfer  ttirougli  tbe  u>Jls  reiuuii.iiig  aubtuei^fed.  Two 
points  are  made  elunr  by  tliis  simplt^  e\|ieriment:  (1)  eva|>ura- 
tion  goes  on  with  great  rapidilv  from  tlie  exposed  ^nrftiee  of  the 
plant :  (3)  (inly  a  part  of  tbe  Iohh  ut'  water  can  be  made  goud  by 
tnuisfereuce  IVoin  sulimerged  [Htrlioits. 

687.  Comparison  of  tbe  strnctnre  of  a  water-plant  witli  that 
of  an  ordinaiy  plant  ailaptcd  tu  growth  in  the  air  shows  that 
the  anrface  of  the  latter  is  sneh  as  to  prevent  very  rapid  eva|io- 
ration,  and  also  that  the  loss  enuseft  by  the  evapomlioii  enn  be 
made  good  if  tlie  lower  part  of  tlie  plant  remains  in  contaet  with 
water.  In  other  woi-ds,  thu  plant  (I)  has  a  eiirfaw  which  prul«ct8 
it  against  too  gi-eat  loss  of  water:  and  (2)  Is  provided  with  a 
system  by  whiuh  the  needed  sit|)ply  of  water  can  l>e  replenished. 

{188.  Hut  it  ia  not  alone  by  evaporation  from  the  surface  that 
water  is  consumed  by  the  plant.  Wherever  growth  goes  on  or 
work  is  done,  water  is  eonsnined,  and  a  fresh  snpply  is  required. 
The  question  of  the  transfer  of  water  is  therefore  a  general  one. 


SOME  OF  THE  RKt.ATIOXS  OF  WATER  TO  TISSUES. 

689.  The  celbwnll  whit^h  scpaiates  the  cavity  of  one  cell  fW>Ri 
I  tiiat  of  its  neighlwr  is  a  |)ermeable  membrane.  Aecordiiig  to 
I'ttie  hypothesis  of  Niigeli  (sw  A88),  it  is  comiMsed  uf  solid  par- 
lilUcl«H  (micellie),  each  of  which  is  eiircluped  in  un  adherent  film 
17 
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or  water,  and  tliua  prevented  Trom  c-ouiiig  in  contact  with  those 
BTOUimI  it.  Aumrding  to  this  liyiHitlicsis,  nil  Uii?  water  in  n  cell- 
wall  is  priu-ticnlly  Luntiniious,  ftnil  can  flow  tree)y  between  ttio 
mieellffi ;  thci'efui'c,  ir  a  cell  contains  iu  nin^imnm  amount  of 
water,  and  the  ufll-wall  is  tense,  Ilie  ivute-r  is  In  a  Blatc  of  equi' 
librium.  Likewise  in  a  tissue  contninin};  its  maximani  ainountof 
water  this  is  in  eqiiilihiiinii.  But  tlie  lialuntx  can  Iw  eoeilj'  iti^ 
turl)pd  in  a  plant  hj  eva|>ui'Utioii  fntni  thu  surraee,  or  l)j'  other 
causes  befui'e  meiitiiineil.  If,  liuwever,  a  snllkient  part  of  tho 
ahaorhing  Builace  uf  the  plant  ia  in  contact  willi  water,  the  h&l- 
anve  eau  be  ivstorcil,  since  the  water  in  the  cell-wulia  ia  practi« 
caily  continuous  with  that  in  the  siu-raundings.  The  equililiriuio 
ia  restored  hy  the  traiiBfer  of  the  water  outside  tlic  uell-wall  to 
tlie  cell-wall  itaelf,  and  ihence  to  the  parts  within.  The  tendency 
to  the  restoi-ittiiin  of  the  equilibrium  or  water  in  a  plant  is  so 
great  that  root-hairs  ean  abstract  even  the  firmly  adherent  hygro- 
scopic water  from  particles  of  soil  (see  (i44).  Fi-um  the  roots  or 
other  ahsorhing  organs  the  water  pusses  sooner  or  later  to  the 
place  of  consumption. 

tidO.  Iu  most  cellular  plants  and  iu  masses  of  oellular  tisaiw 
all  the  cell-walls  have  stihstantially  the  same  capacity  for  transfer 
of  water ;  bnt  in  all  plants  which  possess  a  libro-vastiilar  system 
the  transfer  takes  place  ehielty  by  means  of  tlic  liguined  celW 
walls ;  and  even  in  (Tlhilar  plants  like  mosses,  it  ia  in  those  cells 
which  are  elongated  and  otherwise  dilTerentiated  to  form  an  im- 
perfectly developed  framework  that  the  rapid  transfer  is  made. 

691.  Transfer  vf  water  fn  wood;  plaata.  In  ligneous  plants 
tlie  water  is  tmneferreU  most  rapidly  tlmmgli  the  woo<iy  tissues. 
This  is  ex|>crimonliilly  pmved  by  "giiilling"  their  stems;  that 
is,  removing  a  ring  of  bark  without  injuring  the  wood.  For  a 
time  tlie  leaves  remain  fresh,  and  the  plants  apiwar  to  suffer 
only  slightly,  if  indeed  at  all.  An  early  es|>eriraent  in  regard 
to  the  transfer  of  water  is  that  liy  Hules  (in  1731),  who  says:' 
■'  1  cut  otr  the  liavk,  for  one  inch  length,  quite  round  a  like 
braneh  of  tlic  same  oak  :  eighteen  days  after  the  leaves  wera 
as  green  aa  any  on  the  same  tree."  Further  experiments  have 
shown  that  the  rapid  transfer  is  made  iliiefly  in  the  younger 
wood  of  the  stem,  and  not  in  the  heart-wood ;  and,  also,  that 
the  water  is  lnin«rerrcd  most  I'apidly  in  tJii-  portions  of  new  wood 
having  the  coareer  lexlore  known  as  spring  wood  *  (see  395). 
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6!)2.  The  (.-oinerse  of  Haifa's  experinipiit  ts  equally  conclu- 
Bive.  If  the  i-uiilimiiU  of  the  wihxI  of  n  sU-ni  U  iiiU-rrLi|)ti>i1  liy 
the  reiiKivfll  ufii  siiort  tniiKlK'oii  without  at  the  sniiiu  time  uiiiuli 
injuring  IUl-  Imrk.  the  leavi-a  wither  in  a  short  lime.  Cotta' 
neserta  that  ii|>oii  u  shout  uf  willow  which  still  inninlaina  ita 
rannei!tion  with  tlie  phiiit  thi-nugh  the  bfti'k,  liiit  has  had  h  sec- 
tion of  wimkI  retniived.  the-  leaves  will  wither  as  qtiiekly  as  tliey 
would  upon  a  shout  wholly  severed  fh>m  the  paivnt  plant. 

6'.t;i.  That  water  oan  l»e  fonvcyed  throuifh  the  stem  in  a 
direcUon  opixwite  to  ita  normal  (.■uiu've  is  shown  in  an  e:c|>eri- 
ment  by  Hales:  '- 1  took  a  lai^»  liraiieh  of  an  apple-tree,  and 
<%mented  up  tlie  transverse  (.-lit  at  the  great  end,  and  lied  a  wet 
hladdiT  over  it :  I  then  cut  nff  the  pnain  lop  braneh  where  it  was 
I  inch  diameter,  and  set  it  thus  inverted  iiiU>  a  Iwllle  of  water. 
In  tliree  days  and  two  inghts  it  imbibed  and  |>erspired  four 
poimds  two  oniiees  and  one  half  of  water,  and  llie  leaves  eon- 
tinued  green  :  the  lea('('H  of  a  lK>ngh  cut  off  tlie  same  ti-ee  at  the 
same  time  with  this,  and  nut  set  in  wati-r,  had  been  witJiei'eil 
forty  honrs  l>efore."' 

61IJ.  DetermlnatloD  of  path  and  ral«  of  transfer.  Two  modes 
of  exix'iiinenting  have  bwn  employed  in  oixler  to  ascertain  ex- 
actly tlie  path  and  llic  rate  by  wltii^h  water  is  tronsfcrreil  through 
ligneous  plants.  The  first  of  these  consists  in  using  a  colored 
eolnliun,  whieh,  when  taken  into  Uie  plant,  tinges  all  the  tissues 
witb  which  it  comes  directly  in  conUict.  The  stem  or  biiincli 
used  in  the  experiment  is  cut  Hliarply  off  ami  its  end  is  plunged 
nt  OHce  into  a  colored  solution,  for  inslnnce.  of  some  aniline 
dye  or  some  colored  vegetable  jiti<^.  As  the  liquid  ascends  Uie 
Btem,  certain  portions  of  Uie  tisanes  Itecome  more  or  less  deeply 
tinged,  and  its  course  and  nite  of  asciMit  enii  tie  tittcod  by  sec- 
tions made  at  any  given  tims,  at  different  distances  above  the  cut 
eiirt.  A  similar  metliovl  has  been  also  employed  by  plunging  in 
colored  water  the  uuinjnred  roots  ofllic  plant  to  Ijo  examined.' 


1  Quoltnl  by  rrclTer-.  PlUnzfUi.hysiulogie,  L  123. 

*  Slntiuil  Eflsi,]'*,  i.,  1731,  |i.  131. 

■  "  Qiml  qoo  Boit  lo  li>[UiilG  eiii|iloyd  el  1m  mrintioni  de  rexperienc*,  1m 
WbqIibu  g^ii^mux  out  )Wn  mrie,  nroir  :  quo  I'pan  colorje  nt  (wnetre  nt  par 
I'&onw  ni  par  In  mocllo,  ami*  tai^oun  nu  traven  du  imtj»  lignenx,  UntOt 
dans  touta  sou  dteudnr,  quelqneriu*  ilitia  ■■  pania  la  plos  jruiie,  tuvoir,  I'ex- 
terianr  dii  rorpa  lignrux  iIm  txof^nrt,  el  I'inlirirur  il«  fndnginm.  On  obtienl 
ce  mjnie  r^ultat  giiii^nil,  unit  qii'on  (ilon;^  Ips  jilaiitts  iniiriiHe  lU  lonivs  Ictini 
ratinps,  sMt  i]u'on  cmiiloii!  d«s  brwiubn  nmjiwa"  (Dp  Candolle'a  Physioiogia 
v^tAle.  p.  83). 
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695.  The  two oltjectioiis  to  the  first  inftliod  are:  (Ijtliatthe 
pruluplaemiu  body  uf  tbe  cell  rusistii  llii;  unlriiiice  of  uearly  all 
colariiig-iiiutl«i-a.  ilicrelbre  witli  raa.n\  djes  it  is  neot-sBsry  to 
es|>t;riin«rit  willi  cut  ntunis  aud  braiidiua,  uHowiug  ihc  <lye  to 
enter  at  tbe  cut  eiirrnce ;  but,  as  will  be  shonii  lutcr,  a  cut  eiir- 
faue  which  has  been  cxpoiwd  U>  the  air,  even  fur  nn  insUiit, 
lo6«s  t>art  of  its  [Kiwur  of  absorbing  water ;  (2)  it  is  by  no  uieana 
cei'tiiiii  that  the  dye  [insses  tliroiigh  tliu  stem  as  rai>idly  as  the 
water  ill  whicU  it  is  disBolveil.  That  it  <lo*.-8  not,  svcma  more 
than  [irobablc  fi-oin  the  Biiii|ile  e\iieiiini.-iit  of  siis[>eniliiig  one 
Gill]  of  a  atrip  of  lilter-imiKr  in  a  solution  of  any  dj  e  ;  the  water 
will  liae  faatt.<r  tlian  tlie  dye,  and  foiui  a  uinist  space  aliovc  lliat 
pai't  of  the  |ia|M.'r  wliieli  hunoines  voloreii. 

CIf6.  The  eeotind  iDcthml  of  expevi  men  ting  is  based  n|K>n 
the  ease  with  which  certain  ehcmiinl  sulmtuiiees  fur<.'ign  to  ilie 
lilsut  can  be  iletvctvU  in  it  if  once  tliey  cnii  he  in  traduced  into 
anil  carried  through  its  tissues.  Uihite  solutions  of  suits  of 
litiiium,  for  instance  the  citrate,  serve  best  fur  this  method,  and 
I'litser  suggests  that  they  l»c  a[)pliod  to  the  roots  of  a  plant 
which  has  been  allowed  to  wilt  somewhat  fi-om  drought. 

6S)7,  The  two  objections  which  may  lie  in^eil  against  the  second 
method,  are :  (1)  tlie  chemical  used  may  cause  more  or  less  dis- 
turbance in  the  plant,  and  may  even  excite  disordered  processes, 
and  it  is  plain  that  no  correct  conclusiuns  relative  to  the  rapid- 
ity of  transfer  in  a  health^'  plant  cau  be  drawn  from  one  which 
is  in  a  state  of  disease ;  (i)  the  pivsence  of  a  divisible  mlU,  for 
instance  one  of  lithium,  may  change  the  osmotic  lelations  of  the 
tissues  nrilh  which  the  salt  comes  in  contact.  But  in  Ri>ite  of 
these  serious  dilQculties,  tlicsc  methods  are  of  considerublc  nee 
when  cautiously  emplo3*ed. 

GSH,  Tho  a!>ove  methods  indicate  that  the  most  rapid  transfer 
of  wal«r  is  through  tlie  lignifled  cell-nails  of  tlie  framework  of 
the  plant.  'I'he  source  of  supply  at  tlie  root  furnishes  the  need- 
fal  amount  of  waU-r  to  tho  ligneous  tissues  of  the  llbrila.  ami 
these  convey  it  to  the  converging  bundles  which  c-onstilute  the 
framework  of  the  plant.  In  the  leaves  the  l^'auiewoik  divides  and 
Bubilivides  to  form  tlie  network  of  the  leaf  blade,  and  here  the 
ligneous  cells  and  ducts  are  in  intlmato  (wnlact  with  tbe  paren- 
chyma cells  which  make  np  the  pulp  of  the  leaf.  That  watx-v 
finds  its  way  hy  prefereiic-e  thi'ough  the  hhro-vaseular  bundles 
even  in  the  more  delicate  parts,  is  shown  by  placing  the  cut 
peduncle  of  a  white  tulip,  or  other  large  white  flower,  in  a  harm- 
less dye.  and  then  again  cutthig  off  its  end  in  oilier  to  bring  it 
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*  IVuali  surraee  in  contact  willi  the  solutiun,  when  ntler  a  short 
time  the  dye  will  inuuiit  tlii-ougli  the  fluwer-Ntnlk  iLnd  tin^  tlio 
pnrls  or  tile  iiei-iaiith  ai-cortUng  to  the  course  of  tlie  bumllcs. 

C9!>.  Bate  of  Bsrent.  The  following  aiv  sutue  or  the  diocor- 
(taiit  resiitttj  obtained  by  the  metliods  nieiiUotied  in  Gl)4  :  — 

Nuniorpl«(  BUaorvceot  piThanr,  Ob«mw. 

rniinu  ljiiir.Ktn«iia     .     .     42-100  cm. MfN«b. 

Sulix  fmgilU 85    " Snulia. 

Vitiii  »i»ifff« 1)8   " 

Nifatiuii  TuWuiu  ...  118   " 

llBluntiiMB 2300     " pruzer. 

700.  But  little  is  known  as  to  the  reason  of  the  high  condiict- 
ing  i)OWt'r  or  li^ienus  tissni's.  That  it  is  not  wholly  dtie  to 
CB|iiIlaiity  (ns  lina  licen  suj^gcstnl  on  Hcc-oiint  of  tlie  aliimilnnco 
of  ducts  of  small  ralihrc  in  most  Wfioil) .  is  shown  liy  the  struc- 
ture of  tlie  wikhI  of  eonifcrons  |)lnMl«  in  wUieh  no  rlncta  are 
prt-ftent.  Again,  nt  the  very  titue  wIk'D  the  evaporation  from 
leaves  of  plants  is  most  rapid,  and  the  transfer  of  water  to  sii|)> 
ply  the  loss  mnst  he  greatest,  the  uavilics  of  tlie  diiel«  are  not 
wholly  lilkil  with  liquid,  Imt  conUiiti  a  oonaiili'rnblc  amount  of 
air;  whei-eax  according  to  the  theory  of  capillarity  they  ahotild 
contaiji  only  llipiid.  By  a  very  iugrnioii«  aeries  of  experiments 
Saehs  has  dett^rmined  the  n>lattve  amoniit  of  space  oocupied  by 
the  eell-walls,  water,  and  cavities  in  several  freuli  woods.  In 
tlie  ease  of  fresli  i-oiiil'frous  womi  he  found  the  foUowing  ratios 
ill  lOU  cilbiu  cenliuict^ra  of  wood:  — 

CBll-wall.  mrkonol  us  dry 2^.8I 

WUer,  in  Ibo  cell-wall  HD<1  ill  the  rarities SS.S.1 

Au^i|«M« 14. Sd 

But,  as  Sachs  sny  s,  since  neither  intercellalar  spaces  nor  duets 
are  present  in  this  wood,  the  16.5lj  per  cent  of  air  most  be  con- 
tajneil  in  tlie  cavities  of  the  wood-oells ;  and  further,  sineo  the 
eell-walls  can  take  up  only  aUmt  half  tiidr  volume  of  water 
(s.iy  12.4  cubic  centimeters),  the  renminder  (iG.2S  e.c.)  must 
cxiat  in  tlie  cell-eaviticH. 

7U1.  The  nitlhod  of  determining  the  amoinii  of  water  held  liy 
thocelbwallsof  dry  wood  is  ihe  followinR  : — 

A  tliin  crosa-aeetion  of  fVe«li  woo«l  is  hung  up  in  rlry  air  until 
it  cH.'ast^s  to  lose  weight.  During  drying  a  crack  appears,  run- 
ning from  the  centre  to  the  ciivnmfereiu-e.  After  ascertaining 
the  weight  of  the  diao  tliorouglily  dried  (at  100"  C).  the  wood 
is  Hiapended  in  a  Balumted  alnK)6[iliere  until  enough  water  U 
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absorbed  to  cause  a  swelling  of  the  tissues  and  a  closing  of  th^ 
crack.  In  this  condition  it  is  safe  to  assume  that  the  cell-walls 
llicnisdvcs  arc  saturated,  but  that  there  is  no  liquid  water  in  the 
cavity  of  i\\^  evils.  The  ditference  between  the  weigiit  of  the  dry 
and  that  of  the  satuniled  disc  gives  the  weight  of  the  water 
taken  up  and  h«'ld ;  this,  converted  into  volume,  is  found  to  be 
approximately  one  half  that  of  the  space  occupied  by  the  cell- 
wall  itself. 

702.  The  water  which  is  taken  up  in  relativeh*  small  amonnt 
and  held  in  the  micvUar  interstices  of  lignided  cell-wall  is  in  the 
state  of  equilibrium  prt^viously  described.  When,  however,  this 
equilibrium  is  disturUnl  by  eva|)oration  at  anj*  (loint,  there  is  an 
immediate  transfer  of  the  imbil>ed  water  to  that  |K)int,  and  the 
loss  from  this  transfer  nnist  l>e  made  good  at  once  by  the  recep- 
tion of  more  water.  This  intei-stitial  transfer  may  take  place 
through  any  length  of  woody  tissue,  provided  there  is  a  c*on- 
sumption  of  the  water  at  one  extremity  and  an  adequate  supply 
at  the  other.  When  the  consumption  of  water  is  only  that  which 
18  due  to  the  0|Kming  of  growing  buds,  or  to  some  chemical  pro- 
cess, a  slow  transfer  of  water  to  the  point  of  consumption  *  must 
take  place.  When,  however,  it  is  due  to  evaporation  from  the 
leaves,  the  transfer  is  exceedingly  rapid. 

703.  Boehm*  considers  the  asci»nt  of  water  in  ligneous  tissue  • 
to  be  ''  a  phenomenon  of  filtration  causwl  by  differences  in  pres- 


*  A  siniiliir  tnnisfer  <*aii  Ix'  «li'iiio!istruUMl  to  take  place  in  porous  iiioi^nic 
ninttor,  for  instance  i>ow«I(tcmI  liytlmtM  g\-psuni.  If  a  long  tulw  l»e  filied  with 
thin  niiitcM-ial  and  Wfll  ssitumtnl  with  water,  one  end  being  place<l  in  water 
and  tin*  other  ex|M>.s<Ml  to  a  dry  atniosphen*,  the  eontinual  loss  by  evaporation 
above  will  l»e  made  goo^l  by  water  brou;;bt  up  from  Im-Iow. 

Jamin's  apimnitus  for  demonstniting  the  pi-essun*  exerted  by  the  imbibition 
of  water  by  a  i)4)n)UH  substance  consists  of  a  eylin<lcr,  ii»  the  mouth  of  which 
can  ]>e  placed  a  ti«^btly  fitting  plug  of  wtxxl,  through  wbicb  {Misses  a  ma- 
nometer tul)e.  The  pulverulent  suUstfln<*e,  for  instance  zinc  oxide,  is  elasely 
]iaeked  in  the  intenor  of  tin-  cylinder,  arouml  the  ojwn  end  of  the  manometer, 
and  the  whole  ap|)ar.<tus  is  tlien  place«l  in  water.  With  zinc  oxi<le  the  ma- 
noniet4*r  f*hows  a  pressure  of  five  atmos]ibere.s ;  with  powdei*etl  starch,  more 
than  six  atmo^pll<'^es.  If  a  manometer  is  similarly  ]ila<'nl  ii:  a  block  of  dry 
chalk,  ami  the  chalk  is  then  submergi'd,  a  j)n'ssun»  of  thn»e  to  four  atmos> 
)>heres  is  indicate<l  (Iamjous  ]»rofe.sse<*s  dcvant  la  SiK'iete  chimique,  Seance  du 
8  mars,  1861,  quott'd  by  Deherain:  Cours  de  Cliimie  Agricole,  1873,  p.  165). 

'  Ann.  des  Si*,  nat..  ser.  0,  tome  vi.,  1878,  p.  2'\t\. 

•  As  might  Ik*  ex|»ected,  woo<ly  tissui's  never  conduct  water  so  readily  in  a 
transverse  as  in  a  longitudinal  diriMtion.  Experiments  with  reg:inl  to  this  have 
been  conduct<Ml  by  Wiesner  (Sit/.ungsb.  d.  Wien  Akad.,  Bd.  Ixxii.  1  Abth., 
W7t"»)  uiwm  cub«'8  of  wooil.     Four  sides  of  these  were  pi-otected  by  varnish 
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Mire  in  eoiitigiioua  uelts. ...  In  itarendiym.ilotis  tissues  Qlled  nitii 
Bap  thf  movement  of  watci-  caused  lij-  uvaporatiou  is  a  rimcliou 
of  tbe  elaetidty  of  tlic  cell-walls  ;iuil  uf  atmos|ili(.-nc  [>i-essiire." 

Herbert  S^ieneer  has  shown  tliut  when  a  eut  stem  is  quiekly 
l>ent  baiktrai'ds  ami  forwaids  lliere  is  a  murked  iuereaae  in  the 
raiiiitity  with  whkh  eoluicd  fluids  ascend  thi-uugli  it.  "To 
asct^i'Uiiii  the  amount  of  tliis  propdlsivu  aetiou,  1  took  from  the 
same  tree,  a  Laurel,  two  equal  »hoota,  and,  plat-ing  them  in  tlie 
same  dye.  aulijeuted  them  to  couditions  that  were  alike  iuall 
respects  save^hnt  of  motion;  wbile  one  I'euiaineil  at  rest,  the 
Otirr  waa  lient  Imckwai-ds  and  forwards,  now  I13'  swilcUiug  and 
now  by  sltaiuiiig  with  thu  fiugera.  After  tlie  Upae  of  an  hour 
I  found  ttiat  tbe  dye  lind  aseeiuLHl  Ihe  oscillutlug  shoot  three 
times  as  far  as  it  had  asiiuidi^d  tim  stationary  sbuut,  this  re- 
sult being  au  averagi-  fi-om  sewral  Irials.  .Similar  tiiaU  bmugbt 
out  similar  effects  in  other  structures." ' 

7U4.  Effect  npoa  transfer  of  exposing  a  cat  aartiux  to  the  sir. 
One  of  tlic  most  interesting  e]iaract4.'i'iHlics  of  the  woody  tissuta 
ju  relation  to  the  transfer  of  water  is  the  imuiedial«  change 
wiiich  the  cut  surface  of  a  stem  uiidei^oes  upon  exposure  to  air, 
uiilltting  it  for  its  full  I'ondiictive  work.  Ue  Vries^  1ms  shown 
that  nheu  a  sliuut  of  a  vigorous  plant,  for  instanee  a  Ilelianthus, 
b  bent  down  under  wnti'r.  care  being  taken  not  to  break  it  even 
in  the  slightest  degree,  a  clean  sli.ir))  cut  will  give  a  smface 
which  will  retain  tliu  jiowcr  of  alMorbing  water  for  a  long  titne  ; 
while  a  similar  shoot  cut  in  the  open  uir.  even  if  the  end  is  in- 
stantly plinigcd  under  water,  will  witlier  much  sooner  than  the 
flrst.  Shoots  cnt  in  the  mannur  Hret  described  remain  tui^seent 
for  several  days.     If  a  cut  shiwjt  placed  in  water  has  liegun  to 

■gainst  the  entrance  bdJ  L-xit  uf  wulrr,  aail  oud  ot  the  two  xurracct  remaining 
unc<ivet«J  wos  p\ac*A  in  water,  tiie  other  mposeil  to  nir,  when  the  ttBtisfi-r  of 
w*ter  through  the  wood  wu  ruuinl  to  bn  luoru  nipid  iu  n  longitudinal  than  in 
a  tnasTcrK,  nnd  in  a  radial  thua  in  a  tangential  ilirpi-tinn. 

Anaiher  method  of  Fxperimrntiug  ww  also  etniiluyed  by  Iiim ;  Bt«  dde*  of 
■  Cuba  of  wood  went  Huiroundcd  by  »e)ii(niird  imrtions  of  dry  valnic  vhloride, 
and  the  remaining  «iJe  was  jiUcaI  in  cutiUct  with  unUr  ;  Ihe  diffvreni^  in 
nta  uf  tiiinsfFt  asciTtuiiicd  1>y  i»ni|wriiig  the  weights  of  ihr  portiona  of  calcic 
chloTiile  iSlrr  a  fixed  time  mu  found  to  be  essentially  tint  Rivan  by  the  other 
luetboil. 

Experiment*  by  Sacha  (Arbdtnti  des  liotiin.  Inslitiit>i  in  Wiiraborg.  1870, 
ji.  39S),  ill  uhiuh  water  woa  fotved  in  dirTorent  direction  throngb  thr  wood  o( 
oonifeivils  atenift,  «1u>n-t>d,  however,  that  under  jircMure  water  [laues  through 
wood  more  readily  in  ■  Ungential  than  in  a  radial  direction. 

>  TrHusactinn*  of  Llnnnan  Swivly,  xxv.,  1806.  p.  105. 

*  Arboitni  des  boUn.  Iiut.  iu  Wdnburg,  i.,  1874,  p.  2S2. 
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wilt,  cutting  off  tlic  stem  a  little  higher  up  will  caose  it  to  regain 
In  part  tlie  power  of  aljsorption  which  it  lost  upon  exposure. 

705.  Although  osmosis  can  have  ver}*  little  to  do  directly 
with  the  rapid  transfer  of  water  through  the  stem,  brandies,  and 
leaves,  it  i>lays,  as  has  been  seen,  a  very  important  part  in  the 
introduction  of  water  into  the  plant,  and  in  supplying  the  requi- 
site amount  of  it  to  cells  which  lie,  so  to  speak,  awaj'  from  the 
main  channel  of  transfer. 

706.  Preasiire  and  "  bkediag.''  If,  before  its  leaves  unfold, 
a  grape-vine  be  cut  off  near  the  root,  or  a  little  hi§her  up  on  the 
stem,  the  cut  surfaces  will  bleed  copiously.  The  i)art  connected 
with  the  roots  will  continue  to  yield  a  supply  of  water}'  sap  for 
a  considerable  time.  The  flow  is  plaiuh*  regulated  to  a  very 
great  degree  by  the  snrrotindings  of  the  plant,  being  accelerated 
bj*  heat  and  checkeil  by  cold.  It  is  not  merely  passive ;  the 
application  of  a  suitable  pressure-gauge  shows  that  the  escaping 
liquid  exerts  much  force. 

One  of  the  earlv  ex|)eriments  on  this  subject  was  made  b}* 
Hales,^  who  found  the  pressure  in  the  case  of  the  grape-vine 
to  be  equal  to  ihiity-eight  inches  (105  cm.)  of  mercury,  or  more 
than  forty-three  feet  of  water.  Other  exiK?rimenters  have 
i*e|>orted  higher  figures ;  for  example,  Clark  ^  found  in  Betula 
lenta  a  pressure  of  eighty-five  feet  of  water. 

707.  Pitra  ■  has  shown  that  a  ceilain  amount  of  pressure  is 
exerted  by  sap,  even  in  stems  which  have  l>een  severed  fix)m 
tlie  paivnt  plant,  the  lower  extremity  being  placed  in  water. 
In  some  of  his  cx|>ennients  he  found  that  it  was  not  exeited 
at  once,  but  only  after  the  lapse  of  a  c^onsiderable  time.  He 
further  shows  that  a  c^onsiderable  pressure  is  exerted  by  the 
sap  which  flows  out  of  a  cut  stem  the  leaves  and  twigs  of  which 
are  submerged. 

708.  There  are  considerable  individual  differences  in  plants 
as  to  the  force  with  which  the  sap  flows  from  wounds.  "Wilson 
found  that  while  one  si>ecimen  of  Ami)elopsis  quinquefolia  gave 


1  Stetical  Rssflys,  i.,  1731,  p.  114. 

*  The  ai>[)aratus  for  domonstniling  the  pressure  can  be  easily  used.  Reduced 
to  its  simplest  terms,  it  consists  of  a  mercurial  pressure-gauge,  which  can  l)e 
securely  attached  to  the  woundetl  ]wrt  of  the  plant.  To  the  stump  of  the 
plant  the  gauge  must  In?  fastened  by  means  of  stout  rubber  tubing,  which  has 
been  made  to  fit  tightly  aroun<l  l)oth  plant  and  tube,  and  then  wired  finnly 
to  prevent  the  escape  of  any  liquid.  Dahlia  variabilis,  Vitis  vinifera,  and 
Helianthus  annuus  are  good  plants  for  puqoaes  of  denionstmtion. 

•  Pringsheim's  Jahrb.,  xi.,  1878,  p.  437. 
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DO  presBiire  for  tho  root-ayatcm ,  sDotlier  sbonred  a  pressure  of 
tneiitv  cuiUimetent  of  iiitivun*. 

709.  Blei'cling  is  iiol  li.v  any  meaus  of  universal  ofcurrence  in 
wounded  liUnte.  Ilurvatli  foiini)  none  in  the  rullowing  oases: 
Muinnlns  Lnpiiliia,  Hedeia  Helix,  Syiiiiga  vulgaris,  and  fiaia- 
bufus  nigra.  In  some  cases  there  appears  to  Iw  blet-dirig  only 
from  tho  cut  loot.  lioDC  oceuning  fVuni  the  stem. 

710.  The  Meediiig  Itoia  h  plant  may  be  gix-atest  immediatel)- 
nllitr  ttie  wound  is  miido,  or  it  may  in  a  few  eases  not  reaeli  a 
niaximtiin  fur  some  liours  or  even  days,  after  which  It  gi-ailually 
(Icclinea  until  it  ei-ases.  It  may  reuommentw  after  tlie  woimd 
is  reopened.  According  to  Uarlig,'  lileeding  may  continue  in 
BOiQc  easrs  for  a  month. 

7il.  The  amount  of  sap  which  esea|>es  during  lilee<ling  is 
vnrinlile  even  in  the  same  sjweics.  The  following  cases  show 
that  thu  loss  is  very  lai^o :  — 

Bi'luls  [Mi-ymc™,  24  lioiirs  esj  llis.  (Claik). 

AgDTO  Auiorii'iiiia,  24  hourH,  373  culuc  iiioliirs  (lliimlwltlt). 

712.  Hofiaeister  has  given  the  following  example,  to  show 
how  lai'ge  is  tlie  ivlativo  amount  of  sap  which  can  How  from  cer- 
tain plains.  From  a  specimen  of  Urlica  iirens  (stinging  nettle), 
whose  root-A.l'stem  had  a  volume  of  1,450  cutiic  centimeters, 
there  escaped  in  2J  days  11,260  unbic  centimctfrs  of  sap. 

T13.  The  pressure  at  the  cut  surface  of  a  plant  varies  wiilelj 
in  any  given  case,  according  to  tbe  surroundings.  The  following 
details  of  an  expciimcnt  by  Clark'  will  indicate  the  variutiona 
in  pressure  noted  during  a  compurntivcly  short  time. 

"  A  gauge  wiia  attached  to  a  sugar-maple  March  Slat,  three 
days  after  the  maxiiaum  How  of  sap  for  Una  S|>ei.-ic8.  .  .  .  The 
niercnry  [in  llie  gnngej  was  subject  to  constnnt  and  singular 
oscillnlions.  standing  usually  in  Uie  nioining  Itelow  [iu]  zero, 
ao  that  there  was  indicated  a  |>owerful  suction  into  the  tree, 
and  rising  rapidly  with  the  sun  uuti)  tlie  force  indicated  wu 
suHlcicnl  to  sustain  a  column  uf  waU-r  many  feet  iu  height. 
Thus  at  6  A.  M..  April  21st.  there  was  n  suction  into  the  ti-ee 
Bunieii-'nt  to  raise  a  column  of  water  25  II.)  feet.  As  soon  as  tho 
morning  sun  shone  u[K)n  tho  trei-  thi^  mercuiy  suddeidy  liegan 
to  rise,  so  that  at  S.lo  a.  u.  the  pressure  outnard  was  enough  to 


>  BaUntulte  Zeitong,  18SS,  ji  69. 

*  Rtsport  of  the  Semlatj  of  llie  UiHsurUnBetU  Boanl  of  AgricuUan  (ot 
18T8,  p.  187. 
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sustfiiD  a  columa  or  water  18. 47  feet  in  beiglit,  a.  change  rcpi'^- 
scnted  by  more  tliau  44  feet  of  water." 

714.  TUo  pi^sBure  of  tJie  sap  rieos  ami  fulls  with  the  touipi'i'a- 
ture.  The  greatest  pfessiire  iii  ligneous  pknti  is  found  wliou  a 
cold  night  is  fallowed  liy  a  warm  morning.  This  has  heen  ejc- 
plaiiied  by  the  expansion  of  the  air  L-ontained  in  Ihe  wort<i-cell8 
and  dnfU.  Uetinfi-  oliserved  the  gi-calcst  onlllow  of  sap  in  the 
case  of  the  lierbaccous  plants  Begonia  and  Cucniliitu  to  be  at  a 
temperature  of  from  25"  to  27"  C,  and  tliat  the  outflow  ceased 
at  82"  for  Begonia,  at  43"  for  Cucurbita.' 

715.  Besidi^  the  varialions  both  in  bleviling  and  in  pi-esani'e 
of  Bap  due  to  external  inSueiiocs  there  arc  some  periodical 
changes  wliieli  are  not  ,vet  Hatisfjtctorily  explained.  Baranctaky 
funiid  tliat  the  greatest  extravasation  of  sup  from  ihc  crown  of 
the  root  took  place  in  Kieiuus  ln-tweeu  8  and  10  o'clock  a.  m..  in 
Ilclianthiis  annuns  between  12  u.  and  2  i>.  U..  and  in  tlclianthiis 
tnberosns  Itetween  4  and  G  r.  m.,  the  plants  being  under  esscu' 
tially  the  same  conilitiuns. 

71C.  The  gi-eiil  pressure  exerted  by  sap  under  eeiUiin  condi- 
tions is  thus  explained  by  Sacha.  From  the  root^baire,  into 
wliich  the  water  comes  bv  osmosis,  it  passes  by  osmosis  into  the 
parenchymatous  cells  of  the  cortes.  "  But  a  dillicully  occurs  in 
answering  the  question  why  the  tm^eacent  corlic^il  cells  of  the 
root  expel  their  water  only  inwai-da  into  the  woody  tissues,  and 
not  also  through  their  out£r  walls.  We  may,  howevei',  hera 
be  helped  by  the  supposiiion  that  the  micellor  stmctui*  of  Ihe 
cell-walls  is  dilTci-ent  on  the  outer  ami  inner  sides  of  the  colls, 
and  that  those  facing  the  exterior  of  the  nutt  are  Wet  adapted 
for  permitting  Hltrntion  under  high  endnsmotie  pressure."  ' 

Among  the  i-econlcd  e.\|)erimcnt9  which  show  a  gix-at  root- 
pressure  is  one  by  Clark,  described  by  him  thus  :  "  A  gauge  was 
attached  to  the  root  of  a  lilack  birch-tree  as  follows.  The  Ii-ee 
stood  in  moist  graund  at  the  foot  of  a.  south  bIoik;  of  a  ravine, 
in  such  a  situaliou  that  tlie  earth  nronnd  it  was  shaded  by  the 

'  A  full  «nil  wturBfitory  Ireatmioit  of  lliis  siilyett  in  ili-lnil  nill  be  fouud  in 
ihe  folloa-inj;  works  :  — 

SolirtMlcr :  Beitragztir  Kcuiitiiisn dur  FriilijahrBpt-riods  Jia  Aliuru  (Priii^b. 
Jalirb.,  vii.,  laOS).  la  this,  the  spring  [ilieiiamnu  of  Ihe  nml'le  ajv  clearlj 
girni. 

Baranetiby  ;  Untfradclinnfien  Ultrr  (lie  Periiulicitnt  <9es  Blutens  (AbliHDiU. 
ira  naturTarai-hvadH  Gi-«e1l9(.'hiift  zu  HhIIf,  1873).  In  this  nieiiiair  thn 
exjitrimprils  covpr  a  nido  ranpi-. 

•  Teit-book  of  BoUiny,  2il  English  edition,  1882,  p.  688. 


KXUDATIOS   UV   WATEK    fUOM    fSIXJlUKD   PARTS.      2'J  I 

ovei'lungiiig  liaiik  from  tlii:  sun.  Tliu  root  wait  llieu  fullowt^ 
from  llie  trunk  U>  the  distuiict;  of  tCD  fuL't,  wlicrc  it  wns  uirefuUy 
cut  off  one  loot  below  tlie  emface,  aud  a  piece  rciuovcd  iVoin 
lietween  the  ait  and  Uiu  tree*.  Tlie  eud  of  tlie  ivut  wax  en- 
tirely detaulicd  froiu  Uiu  tree  and  Ijing  in  an  liorizuiital  ])Oiti:ioH 
at  the  de|)lh  of  one  fool  iu  tlie  cold,  tiaiii|i  caitli,  uoreiiched  by 
the  sunabine,  and  for  tbe  most  [lai't  uiiutli.'(.'l>Hl  by  tbc  lemiwi'- 
atiire  of  the  atmospbere,  ineosui-ed  about  one  inch  in  diameter. 
To  this  was  carefully  adjusted  s  mei-cinial  gatige  April  2Ctb. 
Tlie  pressure  at  oticc  became  evident,  and  voae  cuiiHtanlly  with 
very  sliglit  fluctuations,  until  at  noon  on  [lie  aoth  of  ApKl  it  bad 
attained  tlie  uuequalleU  height  of  83.80  feet  of  water."  * 

717,  Pfeffer'  attrilmlcs  tbe  tendency  of  water  to  pass  only 
inwards  into  Uie  woody  tiasnea  wholly  to  the  fact  that  ujion  that 
side  of  the  cells  which  faces  the  interior  of  tbe  root  the  osmotic 
capacity-  is  greater.  Within  the  plant  the  cell-walls  are  never 
BftUirated  will)  jmre  water :  but  tbe  imbibed  liquid  is  different  on 
different  sides,  ami  bence  the  pla;suia  membrane  in  coutact  with 
the  sides  must  hnvc  different  eapncities  for  osmosis. 

718,  In  midwiiiier  or  iu  earliest  spring  some  of  the  tissues 
of  ligneous  plants  ure  stored  to  a  large  extent  with  sturch  and 
other  solid  pnxbicta  manufactured  dniing  the  previous  season. 
At  tlie  mining  of  ivarmer  weather  ohemie&l  cliangea  take  place, 
largely  following  the  altsorption  of  water,  by  which  these  solid 
Biibscaiices  are  transformed  into  a  liquid  state,  oceupj'  a  greater 
Bpac«:  than  befoiv,  and  of  course  exert  tnueb  greater  pressure. 
The  saccharine  sap  of  tbe  maple  represents  that  which  dur- 
ing  the  early  winter  esiste<l  in  the  tissues  as  aturvhy  matter. 
Tills  conversion  of  material  will  be  further  discussed  under 
*•  Metastasis." 

719,  Eindatlon  nf  water  ft-om  nnliiJiired  parts  of  plants.  Un* 
der  certain  circumst-incea  water  can  exiiilc  in  a  liquid  form  from 
uninjured  parts ;  for  instance,  through  chinks  or  riils  in  tbe  leaf- 
tipti  of  many  monocotylc<lonoii3  plants,  and  tliroiigb  waler-|>ures 
of  dicotj'ledous,  especially  when  these  are  young.  Mnsset* 
reports  eighty-five  difipa  of  liquid  falling  in  one  minut«  from 
tbe  tip  of  a  leaf  of  Colocasia  esculcuta.  Duchartre*  gives  thu 
following  figures:    Twcnty-flvc  drops  fell  in  one  minute  from 

I  Ruport  of  the  Secretary  of  the  Mniw.  Buu\l  o(  Agricultuii  fur  1S73,  p.  1S9. 

*  PQaiui!ii|>IiyBio1ogip,  L.  1381,  p.  170. 

*  Comptes  Roiitliu,  Ixi.,  186S,  p.  683. 

*  Ann.  de*  Sc.  n&t.  boL,  a^t.  I,  tome  liL,  pp.  217,  2&(). 
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the  ti[)  of  a  leaf  of  Cohxrasia  antiquonim,  aud  22. G  grains  of 
liqiiid  were  eollected  in  one  night.  From  the  young  leaves  of 
certain  Aroids  water  is  sometimes  eje<*te<l  in  a  fine  jet  to  a 
distance  of  a  few  inches.'  In  these  and  the  previous  cases  the 
liquid  escapes  through  rifts. 

TRANSPIRATION. 

720.  The  evaporation  of  water  from  the  surface  of  the  younger 
parts  of  plants  ex(K>sed  to  the  air  makes,  as  has  now  l»een  seen, 
a  continual  ilraught  u|K)n  the  soin*ces  of  water-snpph*.  But 
while  eva|>oration  from  the  free  surfac*e  of  water  or  from  any 
dead  membrane  ceases  in  an  atmosphere  saturatcil  with  moistuix^, 
thei*e  is  some  experimental  evidence  to  show  that,  under  certain 
conditions  of  radiation,  evai>oration  from  the  living  plant  ma}* 
continue  to  take  place  even  when  the  atmosphere  is  completely 
saturated.  This  *litference  lx?tween  evai)oration  from  a  free  sur- 
fac^e  and  that  from  a  plant,  although  not  fully  establisbeil,  ren- 
ders it  advisable  to  employ  for  the  latter  phenomenon  the  term 
transpiration.  This  term  is  sometimes  employc»d  in  Physics 
with  another  signification  ;  but  its  prior  use  in  Vegetable  I'hj'si- 
ology  should  prevent  any  confusion. 

721.  Stomata*  Neither  through  the  cutinized  cell-walls  of 
the  epidermis,  nor  through  the  snU'rizetl  cell-walls  of  cork, 
can  transpiration  take  place  to  any  extent;^  but  at  myriads 
of  |K>int8  in  the  epidermis  of  leaves  and  young  stems  there  are 
minute  orifices  which  permit  the  air  outside  the  plant  to  come 
into  connnunication  with  the  air  within.  It  has  been  shown  in 
Part  I.  that  these  oi)enings,  the  stomata.  |X)Ssess  definite  rela- 
tions as  regards  i>osition  to  the  intercellular  spaces  below  them, 

*  Musset :  Comptes  Ki'iulus,  1865. 

Muntingh  (1672),  acconling  to  a  reference  in  Flora  (1837,  p.  717),  noted  the 
projection  of  a  small  jet  of  wntor  from  the  leaf  of  an  An»i<l,  ns  from  a  fountain. 

'  **  It  is  of  the  highest  Hi^nifioance  that  those  plants  wlikh  ai-e  suhnicrged, 
or  those  jwirts  of  jilants  which  ffro^'  in  the  ground  ami  therefore  cannot  lose 
water  by  transpinition,  possess  a  cuticle  which  iH'nnits  water  and  dissolved 
mutters  to  pass  through  witli  comparative  facility  ;  while  the  imi-ts  growing 
in  the  air  have  a  cuticle  of  a  different  quality,  through  which  water  jmsses  on^y 
with  difficulty,  and  thus  they  are  protected  from  too  great  a  loss  of  water" 
(Pffffer:  Ptlun/enphysiologie,*  i.,  1881,  p.  139). 

The  amount  of  aqueous  vapor  which  can  esc4i|)C  through  cuticle  is  very 
small.  Arcording  lo  lioussingault,  .00.')  gram  of  water  may  eva|M)i-ate  in  one 
hour  from  one  scpiare  centimeter  of  the  nnd  of  an  apple,  while  from  the  surface 
of  a  i»eeled  apple  fifty-five  times  as  much  is  lost  (Agronomic,  vi.,  1878,  p.  349). 
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80  that  they  may  ho  fairly  regarded  as  a  pad  of  ttie  system  for 
aerating  Iho  |ilaul. 

722.  By  rernreiiee  lo  the  stnK-ture  or  Uie  more  comuion  kinds 
of  leaver  <see  Chapter  III.),  it  will  be  seen  that  Uio  U-rmi nations 
of  llic  dfliijate  fibrils  of  the  fruuiewoik  ajipi-oaeli  veiy  closely 
to  the  aerifci-ous  spaces,  ami  thus  by  tlic  iininterriipteil  eoiii- 
niuiucalion  bctwi'en  the  minute  fibiils  in  the  root-syslem,  the 
stmn-system.  anil  the  leaf-system  of  the  i>laiit,  water  wliieh  haa 
)>een  absorbed  liy  the  roots  is  brought  finally  to  tiiu  [turenciliyina 
cells  which  surround  the  spoves  under  tiie  stoiiiata.  If  it 
evajtorates  frum  the  outer  side  of  the  wall  of  these  cells  into 
the  intercellular  spaces,  the  water  maj'  make  its  Gscaixi  tUrongh 
the  stoiiiata. 

725.  Stomata  are  not  mere  epidermal  lifls  Laving  an  aiier- 
ture  of  unvarying  width.  The  giiaiilian  cells  of  a  stoma  are  so 
arrangcil  with  resjK'Ct  to  each  other  and  the  proper  epidermal 
cflU  contiguous  to  them,  that  the  width  of  the  opening  between 
them  can  be  increased  or  diminished  upon  certain  changes  in 
tlic  surronnding  conditions. 

7H.  MeehanlBin  of  Stomata.  In  examining  the  mechnnism  of 
stomata  it  is  necessary  to  distinguish  between  tlieir  three  parts 
which  are  shown  in  a  vertical  section;  namelj',  (1)  tlko  anterior 
groove,  (2)  Uie  clett,  and  (3)  tlie  postciior  groove,  which  ia 
usually  continuous  with  an  inteixH-dhdai'  space.  It  is  plain  that  a 
stoma  is  most  widely  0|>eii  when  the  edges  of  the  clelt  are  farthest 
apart  and  ttie  rim  of  the  uup  not  closed.  Henco  an  iiis|M!ction 
of  tlie  anterior  face  nf  a  stoma  is  not  snlllcieut  to  show  whether 
the  stoma  is  most  widely  ojien  ;  the  widlti  of  the  elcll  itself  must 
be  ascertained. 

72j,  In  distinction  from  proper  epidermal  cells,  the  giini'dian 
cells  contain  chloi-ophyll,  and  hence  under  the  InQucnce  of  light 
can  produce  carbohydrates  (see  ■'Assimilation").  As  might  be 
esiK'cted,  the  osmotic  tension  is  different  in  tliese  two  groups 
of  cells. 

726.  The  following  account,  condensed  from  Strasburger, 
ahows  the  relations  which  the  guarilinn  cells  sustain  to  tliose 
around  tlie  stoma  ns  regards  the  thickness  of  the  walls.  The 
guariliau  celU  are  strDUgly  thickened  on  the  upjicr  and  under 
angles  of  the  walls  of  their  opposed  faces,  while  elsewhere  their 
walls  are  relatively  thin.  At  tlic  elelt  there  are  opjMising 
projections  fonnuig  its  edges.  The  opening  and  closing  of  a 
stoma  depend  upon  the  difference  in  the  tliickness  of  the  parts 
of  the  walls.     When   the   turgesceiiue  of  the  guardian  cells 
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iut-rcases,  ibey  uiirve  raoiv  ittiougly,  and  lliu  clcll  widens ;  but 
wheii  tLeir  ttii-gpsceuci!  iliiniuish(.'B,  the  cleft  bv^-oiues  slmigliter 
aiid  narrower,  it  being  clear  that  with  increasing  Itirgesceuce 
the  guaixliaii  oella  luusl  buconio  more  i-ouvex  on  the  side  of 
least  lesisLauee,  anil  nioro  toniiiic  njKin  the  aiilu  of  gicatest 
resistaiRe. 

727.  Relatlous  of  Htomata  to  external  InfluencM.  In  a  classical 
series  or  ex|iei'iiuents  uiKin  the  i-elatioiis  of  stoiuatn  to  their  nur- 
rouniliriga,  Mobt'  lias  )ih')wn  that  when  iLc  nniiijinod  leaves  (ff 
certain  oi-ehiiU,  lilies,  etc.,  are  wet  with  water,  the  eletls  of  the 
sloiuuta  o|K'n  i  but  these  planis  Tonn  e.\ee(iiions  to  the  genera! 
rule,  for  it  was  found  tliat  in  the  gi-euh.'r  unmber  of  cases  studied 
the  cleft  closes  when  the  stoma  is  ln-oughl  hi  eoulact  with  water- 
In  Amarvllis  and  the  grosses,  this  closing  takes  place  with  great 
rapidity. 

7^8.  Wlien  ii  thin  iilm  of  eptderiuis  with  its  stomala  is  de- 
tached, anil  examined  under  the  iiilcmscope,  the  tiehatior  is  the 
reverse  of  tliat  above.  In  a  detached  film  tlie  gnardiau  cells  of 
tile  fitotna  are  partially  fi-eed  froni  the  actiou  of  the  cuntiguoua 
Iiroper  epidermal  cells,  and  as  a  result  the  cled  widens  when 
water  is  iipplied,  Ibe  tnigesuencu  being  increnseil ;  but  if  a  solu- 
tion of  sugar  in  water  is  employed,  tlie  cluft  grows  narrower, 
siueo  the  turgescence  of  lite  cells  is  at  once  diniiiiislied  by 
osmosis. 

Acooi-ding  to  Mold,  in  a  wilu-d  leaf  the  clefts  of  the  sloinata 
are  partially  or  wholly  closed,  but  the  npjilicatioii  of  water  causes 
them  to  ojjen.     If  kept  wet,  tliey  soon  close  ngaiii. 

720.  The  eleft  of  a  stoma  opens  inoi-e  widely  in  the  light 
tlian  in  <tarkness;  thus  leaves  of  Lilium  which  have  been  keiit 
in  tlic  dark  in  a  saluratcil  atmos|ihere  f»ir  some  days  have  the 
etoinata  closed,  and  when  wet  the  clcR  opL-iis  only  slightly. 
Upon  ex|iosure  to  sunlight,  the  eleft  gradually  opens. 

730.  According  to  Van  Tiegbem,'  stomata  tuv  Blwa,\'a  o|>en 
in  sunlight  and  closed  in  darkness.  In  oitler  to  cause  oj>en 
Stomata  to  close,  it  is  merely  necessary  to  suddenly  change  the 
amount  of  light.  This  closing  of  the  stomata  takes  place  in  half 
an  hour  when  a  bright  light  is  replaced  by  dilTused  light 

It  has  been  found  that  heat  has  no  marked  efl'ect  uiwii  the 
o[)ening  and  closing  of  slomatni  thus  when  a  pl.^^^^^ept  in 
darkness  at  a  temperature  of  from  lo°  to  17°  C,  |^^^^| 


I  Bolnni^liR  Zeitunj;.  1856. 
■  Traile  de  Dgluiiciue,  1861,  p. 
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U)<1  nill  not  open  when  the  plant,  still  kqit  in  itnrkness,  is 
siitijetite<I  to  a  iiiglier  teia|>erature,  anv  rmin  '27"  to  30°  C. 

731.  From  liic-  foregoing,  it  ap|>pui-9  (1)  lh:it  stomata  are 
delicately  balancecl  valves,  which  are  exceeiHiigly  sensitive  to 
external  inllncnccs ;  (2)  that  in -wilted  lenves  they  are  partially 
i-iosed  ;  (3)  that  in  most  cases,  on  the  application  of  liqtii<l 
water,  stomatn  whidi  are  oi^eu  close ;  (4)  iliat  strong  liglit  causes 
stomata  to  o^ien  widely  ;  (J)  that  a  sudden  shm-k  causes  iheui  to 
close. 

732.  Amount  of  water  glTen  olT  In  traosplratJon.'  This  ia 
determined  cliiclly  hy  tlie  balance. 

In  the  o(l-citctl  ex|>eriuieiit  of  Ilalcs,^  in  1724,  the  amount 


'  Tlie  dBi'liiwt  exjicrinifnta  njmii  lliis  aulyiMt  iippvur  Ui  have  tmn  thoso  hj 
WDwlnnnt  in  1iS9U([>hiloaoiibi«1  Tnninclionn).  They  wen'  aiailc  fiKin  July 
tn  Odolvr,  ntiii  giivo  Iha  rutlowing  reialts  (liera  wJuccd  for  ci 
grtins) :  — 


K«n«orpUntft>Htkln.lor 
HMcr  fnmlitiAl. 

Flrrt  wdgW  of 
the  |J*nt. 

Fln*l  velght  d 
IhapUnt. 

T^linumntof 

Ml»t  la  n>ln  <i»Mr    .    .    . 
'  MIWI..-prln|[«.t»r     .    . 

,  Vwt  In  (prliif  wwMt  .    .    . 

1.70 
1.™ 

188 

uo 

,  WooilivnrO'*  inont  intRrrating  oWrvaticniii  rtlnts  lo  the  ratio  of  growtb  to 
eraponlifn  wlicn  pUi.H  air  cuItivntHi  in  dilTprciit  kinda  of  Mter.      Tlinii 
when  mint  «m  (cniwn  in  watvT  miiot  with  ^anlen  L'orth,  the  latio  of  i^wth 
U>  eruinrelioii  win  1:32:  but  whrn  it  waa  grown  in  iliitillwl  wninr,  1:3H. 
*  "July  3.  l-ai,  in  oi.t»r  to  fin<l  out  ihe  qimntily  imlijVd  and  prn|<irHl 


hy  tbn  Snii-FioinT.  I  t™>k  ■  )^Il^Un■IM^t  wilh  s  larfte  Sun 


-,  3  r^t  + 1 


I  when  young ;  it  was  of  the  liirgo 

•'  I  roreml  Ihe  pot  with  a  [.lute  of  thin  milicl  leail.  (inct  crmentinl  all  thu 
joiuU  fcsl,  M>  aa  no  Ta|innr  touH  pnsa,  hnt  only  air.  tlim"  «  rnnall  kIwh  tube 
nine  inrhea  lung,  which  wns  fixwl  purjionly  near  lh<-  -[■■m  of  the  plmil.  to 
make  a  freo  eommuniMtion  with  tho  ontwanl  air,  nnil  Ihiit  under  th«  leaden 

*'  I  cementi-d  niM  another  Blinrt  gUia  tiiW  tnlo  (he  plKt*,  two  inchn  long 
■nil  on*  inch  in  dinmeter.  Thro'  this  ml*  I  wntcml  th*  |ili>iit.  anil  (Iwri 
.toppo.1  it  np  with  a  cork  ;  I  atopi^n)  up  alxi  the  holes  at  the  h.tlom  of  the 
jmt  with  corka. 

"I  wcixhed  this  pot  Bl><]  plnnt  moming«nd  evening,  for  fifteen  aerenil  ilny*. 
from  July  3.  to  Ang.  8,  aftrr  which  I  cut  off  the  pUnl  close  lo  the  Iraden 


plalfl,  anil  then  coreml  tho  ttump  wpII  with  c 


found  11 


■nd  npon  weighing 


■e  pfrcpirml  tbre'  Ihe  nngUznl  porooa  pot  two  onnces  enry  twetn 
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transpired  IVom  a  vigorous  snnfloncr,  three  fet-t  nml  n  linirhigb, 
(luring  twelvu  hours  of  a  very  warm  iliiy,  was  ono  iitiimtt  foiir- 
U'oii  oiimres,  anil,  on  an  uvonxge,  one  ihiuqiI  lour  oiinws  was 
U'aiiiipircil  L>vcry  twelve  hours.  Any  evaporiitinii  frani  tlic  sur- 
tiurn  ot  lliv  Buil  ill  tlio  llowcr-[Mt  in  wliiuh  the  plant  was  growing 
was  pix-voiiti'il  liy  a  kml  cover. 

A  Btill  simiiK'r  metliod  of  preventing  eva|)oralioii  is  to  en- 
velup  llic  flowL-i'-|jol  with  a  thin  rubbor  iiieinlirBiie,  anti  tic  this 
tightly  aruimil  the  stetn  of  the  plant.  A  (Vesh  supply  of  water 
can  he  given  to  the  plant  at  anjt'  titue  bj'  meiiDs  of  a  tube  cloau 
to  the  stum.  In  cxiierimeiitA  upon  traiispiintiou  llic  plant  should 
be  weiglied  frequently,  care  Iwing  taken  to  nott-  all  llie  external 
conditions,  such  as  light,  mobture  of  the  atinos|ilicre.  etc.  For 
weighing,  an  oih'II  balane«  willi  lui^e  pans  ehoulil  l>u  its^^d.  Tlie 
form  known  as  the  box  scale  will  answer  all  iirdinary  iiiiri>oscs; 
but  for  delicate  weigliiiiga  one  of  special  voiistruction,  having  a 
long  beam,  is  preferable. 


boiirs  do^r,  vrliicb  bring  iIIovbiI  in  llie  daily  weif-liiiig  of  the  plant  mid  pot,  t 
fuund  the  grmli'St  paiiiiimtton  of  twelve  lioun  iu  ■  Tory  Hunii  dry  dnjr,  to  ba 
ona  |«niid  fonrtMii  ihiucfc  Uib  middle  into  of  iKniihaLtnn  an«  jioiiiid  four 
oiincea.  The  penpimtioii  of  ■  dry  wnmi  night,  without  any  letisiblv  dew,  wu 
•bout  tbre«  ouui'ea ;  luiC  wbeii  niiy  wniriblc,  tlio'  eniall  ditw,  ihtii  the  per- 
«)iErition  n-oa  uothing  :  nnd  wlien  ■  Inrge  don-,  or  Buiiie  1iUt«  min  in  tin*  ni^h^ 
the  pUiit  4iul  pot  wni  incriiiianl  in  weight  two  or  Um-e  ounc<«.  N.  I).  TIm 
torlylf*  /  Hwrfu  ujw  tf  im"  Avoiliiuiioise  trtiyhlt. 

"  f  eat  oir  nil  tlie  Imtes  of  tbia  plant,  and  laid  Iheni  in  five  Mvoml  iwrwb, 
acuofding  to  their  loveral  sites,  and  tben  uioaiurMl  tbn  auHice  of  a  lexf  of  eanh 
panvl.  by  laying  over  it  a  Urge  lattice  niadti  with  threads,  in  which  the  littlo 
Bt^uareB  were  J  of  III  inch  eaeh  ;  by  nnmbenng  of  which  1  had  the  wrface  of 
tlie  lenves  in  nquare  inches  whieb  mnltiptied  by  the  Dunnber  of  the  Irareg  in 
the  uarrespondiiiK  poreeU,  gave  me  the  am  of  idl  the  texTes ;  by  whii^h  nicans 
I  found  the  lurfai-e  of  the  whole  plant,  above  ground,  to  be  equal  to  5016 
■qunre  inohrs,  or  38  square  feel. 

"  1  dug  "p  anntlier  Sun-Flower,  nearly  iif  the  aamn  lite,  whirb  had  eight 
main  raoU,  reu^hing  lifle»n  iDehrs  deep  and  BidewBys  from  the  stent :  It  had 
bnidea  a  very  thicic  buib  of  lateml  roots,  froni  the  eight  main  roola,  which  m- 
tended  every  way  in  a  Heroispbero,  about  nine  lucbaa  from  Uie  sh<iii  and  main 

•'  In  onler  to  gel  nn  eslimate  of  the  Ungth  ..f  .ill  ihe  mnlB,  I  took  one  of  tbu 
main  roots,  with  iu  UteraK  and  nn-a^ured  nn.l  weighed  them,  aii.l  i1...li 
wejgheil  the  other  seven  mots,  with  tbelf  luteral".  by  whi-li  imuuia  I  found  the 
■nm  of  thp  length  of  all  the  n«>U  to  ho  no  lew  Ihm.  1 448  f.-et.  _ 

"And  Biippnsinjt  the  periphery  of  these  rootnat  amwiiiitn.J 
ineh,  then  their  gnrface  will  be  S28«  *|iinre  incheB.  or  If 
ia.  ofiunl  in  g  of  tl.o  aiirfiwe  of  the  pknt  above  gmuad  " 
ad  ad.,  1731,  vol.  L  p.  <). 


KBL'TIZKf  a   APPARATCa. 


273 


733.  Vpsqiio  has  ilovUciI  an  automatic  ammnitiis'  l>y  whii-h 
the  disturlianue  of  llie  ci^uililiriiim  of  the  balaiK-e  as  the  wnlcr 
eva|>oi-ate9  can  Ikj  roconlpil  Uiimi  a  revolving  drum.  lo  this 
apparnttts,  aa  soon  us  tlio  needle  voeords  the  luouicut  oT  desuent 
of  the  beam,  an  ekcliical  ciiii-enl  releosea  a  valve  sn  as  to  per- 
mit the  passago  of  a  sufllL-ienl  qitanlilv  of  raerenij'  to  the  louing 
side  of  tlie  balance  to  restore  the  eqnilihiiiin). 

731.  Tlic  registering  niiparatiia  of  Knitisky^  is  simple,  but 
unrortnnatclj  enn  \te  used  only  willi 
c-iit  steins  or  brandies.  It  uonaista 
of  a  U-tiibe  filli-d  with  water,  in  ono 
end  of  nliieli  a  leaf  or  stem  (cut  off 
under  water)  is  inscriwl,  tlimngh  a 
tightly  fittingcork.  Throngliacorfc 
in  tlic  ullier  end  cxIuikIs  Uin  short 
log  of  a  siphon.  In  ajar  of  wati-r 
tliere  floats  a  tube  balane^d  to  kcop 
it  erect.  Tliis  is  aoinewlmt  like  an 
hnlroincter  (but  opi-n  at  the  top>, 
and  contains  a  wri.iin  amount  of 
water  into  which  tomca  the  long  leg 
of  IliB  siphon.  When  by  eva]K>m- 
tiun  ft-om  tlio  plant  wat^r  is  drawn 
up  through  the  siphon  otit  of  the  I 
fioEttittg  Inbe,  the  tulm  ((.-ailed  i 
"swimmer")  of  coiireo  becomes 
lighter  and  rise^t  in  the  jar.  If  an 
index  is  al.tni'.hed  to  the  s 
to  retard  upon  a  revoivi 
plant  tiaiispirea.  To  prevent  evn|K>ration  from  the  water  in  the 
jar  and  in  the  swimmer,  its  siirfa^.^  is  covei-ed  by  a  Glm  of  oil.* 

735.  When  a  transpiring  plant  is  placed  under  a  bell-Jar,  a 
certain  ainonnt  of  tlic  transpired  wat«r  nill  eolleet  iiimn  ihu 
inside  of  tlie  jar,  ^  often  a  suUident  qnantity  to  aiipear  aslaige 


a  Anuitlei  du)  Su.  nmL,  lir.  9, 
tomori..  ISrS.  p.  188. 

*  Botiiiiapho  Zcitnog.  1879,  p.  ISl. 

1  A  GimpWr  iH<>ca  ot  a|i|Mialnt  nrranf^  by  PTaflrr  aiuveri  well  tat  dus 
ilpmoustratina.  It  U  euily  uii<l<!ntnivl  fmm  Fig.  147.  Tiie  Tnll  of  valrr  in 
Uie  sinntt  Utfnil  tillw  is  vi^  innrkml,  hut  atti^tion  >hanM  ba  nlleil  to  the 
Tsrying  pnssnro  «aiucd  tiy  the  coniitanlly  changing  level  of  the  water  in  tba 
tabs. 

fra.  US.   Krntlihj'larot'MBfc 
IS 
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drops.  This  method  of  dfnioiistraling  trnnepirntion  has  been 
uaed.  wlicn  Koiniwlmt  imxiilifd,  \iy  mnnv  investigntoi-e,  notubly 
L>i-lit-i-.uii.'  H  is  well  !nlii|itci]  to  class  ex  peril  iR'iite,  siuce  very 
Ginipl(.-npplitiiKn;B'caDl>c  iievdi  fur  instance, 
B  k'niy  bU'Ih  can  bu  inserted  in  n  piece  of 
pnstcliutiril,  niid  tlio  eiit  eml  of  the  stem 
placed  ill  R  tiimbU-r  of  wrUt  ;  nnoiln-r  Inin- 
hliT,  inverted  over  llie  sl£iu,  rests  on  the 
pastclioaiil.  The  watir  in  the  lower  tumtjler 
is  prevented  fruin  cvfl]>omling  into  llie  upper 
one.  The  nniuunl  of  nnter  which  collecUi  on 
the  iiisitle  of  Ihc  npiwr  tiiuibk-r  eoinee  wliuUy 
frum  the  transini-ntionufthe  pltint,aiid  will  tw 


found  to  vary 
(bcc  page  275  el  tfj). 
736.      " 


ling 


to  Ihe  surrou tidings 


amount  of  calcic  clilo- 

ridc    iff    placed    with    a 

tnitispii'ing    plant  in    a 

connniilntinoGpliore.the 

suit  will  rendily  Inke  up 

the  aqueous  vn|K>r,  aixl 

itBini-rcnseiu 

weight  gives 
*"  tlienmoiintof  , 

water  exhnletl  by  the  plant.  Tliis 
metliod  of  mpnsnring  the  aniotint 
of  trnnspimtion  has  been  ein- 
ploj-ed  by  seveml  experimenters, 
^ho  have  obtained  resnlls  sub- 
Btnntially  in  awoni.  It  must  l>e 
nuted.  however,  that  in  this 
method  the  air  to  whieh  the 
plant  is  ex|TOsed  is  rendered  ab- 
normally dry  by  the  presenw  of 
tlie  salt,  and  the  plant  is  there- 
fore subjected  to  nn  unnsu.il  draft  npon  its  water-supply. 

737,   Garreau's  method  of  cninparing  the  relative  amonuts  of 
transpiration  on  opposite  sides  of  a  leaf  is  based  on  that  last 

1  rnnn  iIb  Cliiniie  Agriculc.  1873.  p.  ISO  tt  trq. 

*  Hcnslow.    See  Oliver's  Bolrnij  (188J).  !'■  !■'' 
Wia,  MI.    ApivtnitnarorilemnnftranKli  r>f  [n(iir]>l  rut  lull. 
ITiQ.  tw.   Oattmu'i  ■pp«rala*. 


TRASSPIRATIOS   AND   EVAPOBATIUN   COMPAIiED.     275 

meutioned,  and  is  of  easy  ftpplication.  Two  tubulated  bcll-jais, 
eocli  furniibed  with  a  merciii'y  tni|i  (m  and  »»')•  nre  secured  liimly 
with  soft  wax  to  op|K>aitG  eides  of  any  largt-  leaf.  lu  eacli  1x41- 
Jar  is  a  small  capsule  (c  aud  c')  containing  dry  caldc  chloride  of 
known  weight.  Aflev  a  given  time  the  salt  placed  in  eaeh  bell- 
jar  U  weiglic<l,  and  the  excess  ovei'  its  original  weight  shows  the 
amount  of  water  transpired.  The  following  are  some  of  Gar- 
reau's  results ;  -^ 

(1)  The  quantity  of  water  exhaled  by  the  upper  faee  of  a 
leaf  is  to  that  exhaled  by  the  lower  oa  1:1,  1 : 3,  or  some- 
times as  1  :  5. 

(2)  There  are  marked  but  not  exact  relations  between  tlio 
quantity  of  water  exhaled  uml  the  number  of  stomata.' 

738.  Tnnspirotton  coropared  with  CTaporatlon  proper.  The 
«va)>oration  from  a  givcji  surface  of  wat«r  is  between  three  nntl 
six  limes  na  great  as  that  from  an  equal  surface  of  green  leaves 
similarly  exposed.  L'ugcr'  found  that  leaves  of  Digitalis  pur- 
purea with  a  surface  uf  five  thousand  square  millimeters  tran- 
spired fmni  3.232  to  1.232  grams  in  a  given  time;  whilo  flom  an 
equal  surface  of  water  from  4.h'M  to  HAba  grams  etajwratcil. 
Sachs*  found  ibutfruiua  surface  ufeunfiower  stem  and  leaf  meas- 
uring 4,'J20  centimeters  enough  water  transpired  to  form  a  layer 
2.23  mm.  thick  over  the  snuie  surface  ;  while  from  an  equal  sur- 
face of  water  enough  evaporated  to  lower  ibc  level  5.3  mm. 

Sachs  also  found  that  tlte  evaporation  from  an  anim.il  mem- 
brane is  gi'eater  tlian  that  from  an  equal  surface  of  free  water. 
When  a  surface  of  water  is  covered  by  a  moist  layer  of  vegetable 
parchment,  evaporation  is  somewhat  rotarded  ;*  but  even  then  it 
is  greater  than  that  from  an  equal  surface  of  leaves. 

But  ttio  area  of  a  leaf  does  not  expi-css  its  evaporating  sur- 
face, since  the  latter  consists  of  intercellular  spaces  which  have 
been  estimated  to  hear  the  I'atio  of  ten  to  one  to  the  cuticularized 
exterior.  In  the  intercellular  spaces  the  air  is  saturated  nitli 
moisture,  hence  the  slowness  of  the  rate  of  trnuspi  ration.* 

731).  Eir«ct  of  molstiire  la  the  air  upon  transpiration.  All  ex- 
perimonU  show  that  with  incraasc  in  the  amount  of  aqueous 
vapor  contained  in  the  iur  the  amount  of  water  transpired  from 

1  Aun.  dea.  3«.  tut,  tii.  S,  tome  xiii..  ISIS,  p.  S31.  Bonnet's  esrly  u- 
pwimctLla  are  in  (creating 

«  Sitiangih.  d.  Wiwier  Aknd.,  Bd.  xlir.,  Abth.  2.  1881.  p.  208. 
-   *  Hsndbuch.  dcr  ExperimeiiUl-phyua1of[i<>  ISfiJ,  p.  Kll. 

*  Baruneliky:  BatnniKhe  Zeituns,  187S,  [i.  65. 

*  Amerion  KaEuralut,  1881,  {k  396., 
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a  [)lant  es[»oscd  to  it  dimtuishcs.'  Vi'iiea  the  Air  is  coiupk'tely 
satiirnled,  u  Blight  Qiiioiiiit  or  trnnspi ration  can  take  placet* 
wliifbi  US  (jadis  Ims  jKiiiit(.tl  out,'  is  jirtibably  iliio  to  the  fact 
that  tlic  c«iui>ci'aturc  of  the  pbiit  n  Lighcv  than  tkat  of  the 
BUrrouudiDg  air. 

740.  Insti-ui-tivG  ex{>eriiiicnts  iii>on  the  exli»l:ition  of  moisture 
hy  Bomo  or  the  more  conimoii  dt^ert  piniils  in  Ihv  dry  air  of  ibe 
Wealeni  plains  liuve  ht;en  made  hy  Sercno  Wataon,*  from  wbieli 
it  appears  lliat  in  nlHitit  foui'  bours  young  slioots  fVirniabed  with 
about  tidy  per  cent  of  leaves  lost,  vhen  severed  from  Ibe  stem, 
water  ninoiinting  to  m-nrly  liall'tbeir  weight. 

741.  Effect  or  Ike  mil  upon  tnuuplratlaa.  Tbe  pbrsicol  prop- 
erticaur  the  soil  have  an  intlnence  upon  transpiration.  Sacha* 
cultivated  plants  of  toliae<:o  in  clay  and  in  sandy  soil,  and  ob- 
aervcd  tbe  amount  of  watiT  tj-iins|nred  by  tbcni  under  like  con- 
ditions. Althouj^b  his  experiments  arc  not  conclusive,  tliey 
indicutu  that  ti'auspi ration  is  more  uniform  from  the  fuliaga 
of  [be  plants  (puwu  in  clay  than  fVom  the  plants  grown  in 
sand ;  the  former  soil  is  much  more  retentive  of  moisture,  and 
tlius  tbe  supply  of  hygroscopic  water  is  given  uj*  more  gradually 
to  tbe  i-Dots  of  the  plant. 

The  chemical  pro|Rtrtiea  of  soils  affect  transpirntiou  to  a  cer- 
tain cxtcut.  Scnebier,  in  1800,  stated  Hint  acids  increase  tha 
rate  of  transpiration,  and  he  S8cril>ed  Uic  same  cOect  also  to 

*  The  tvUtionB  brtwoen  humidity  of  tho  air  anil  trannpiratian  aro  ihowa 

Vy  the  n<su1i«  obtained  \<y  Uugi^r  with  iwo  pUnts  ot  Kicliiua,  oii«  of  whirh 

wu  in  the  oppn  air,  the  othi-r  under  ■  bull-jar.     (Tiio  lat(  surTar*  at  one  ]<Unt 

\»  190,  ami  thai  of  theothor  ISO  si|usrB  wntimeti'ra  ;  hitt  tu  tlio  tahleacor- 

I  'IMtioii  hue  been  mnde  so  tlul  pc|aal  lurTocea  arc  coiiipatnl}. 


Danrlon  of  Uw  EiperiUHmt. 

Uw  at  wi.ua. 

IwofwaMr. 

belUJar, 

tl<B»;rii.C'. 

JnlTlSloHI 

Tsui 

ll.«a«. 
IT.nS  " 

l.Mlce. 

130 

4E.U«. 

4.3SMI. 

The  total  \o'an  Inur  n  ratio  of  10.4'!  :  1. 

^  Hnndhuch  der  fc:«i»eriinontol-pliyaiologip.  ISflS,  p.  227.  Dchi^miii 
Com|itrs  Riitidus,  Ixix.  p.  361. 

«  8iliiingsb«r.  d.  Wiener  Akail..  B.l.  nxvi..  1BS7.  ji.  safl. 

*  Reiwrt  of  the  Gmlugiinl  Exploration  of  Uii-  ■"  '•  Pamllel,  Bols 
(1871).  ^l. 

»  Vtreudift-Sutioni'n,  1809,  p.  28S. 
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alkalies.  But  as  Saclis'  slinwert  in  1859,  oven  a  very  little  ftvo 
add  in  water  IiuhU-iih,  while;  au  alkuli  rvUitls,  traiisiiiratiun. 

Burguri^teiii*  in  a  lung  serii's  of  experimt-nts  slitiwcd  that 
whilu  a  sitiglt.'  aalt  milled  to  water  iti  Iuhs  amount  than  .5  per 
cent  busleiis  tia  I  aspiration,  any  pi^r  cTiit  aliove  Lliis  pnxhices  a, 
mnrltisl  n-iai-dation.  When  a  soluiioii  of  nutrient  ealu  ia  used, 
even  if  ita  eoiicentration  is  as  low  as  .0.}  of  sullil  inattt^^r,  there 
ia  a  retardation,  and  tliia  is  greater  when  [tic  solution  is  more 
coueenlratiil. 

In  the  experiments,  tlio  resulta  of  which  arc  given  below, 
four  plants  of  Inilian  corn  were  ernplojed.  The  temperabiro 
varied  between  I(>.7',  and  1H°  C.  and  tlie  oliaervations  con- 
tinued through  one  hundred  and  thn-o  hours.  The  nmonnta 
transpii-eil  are  given  in  iiertentngcs  of  the  weight  of  the  fresh 
plants. 

Nutrient  sohLtiun 247.4 

Diitillcd  »«ier 214.17 

Polawiu  uilnU 238.2 

AmniooiR  uitruta SS4.3 

14i.  Teraperatnre  and  traiuplratlon.  Rise  of  teai|>eratitre  in- 
creases (he  rate  of  transpiratioii  not  only  by  alTecting  evn|K>ration 
in  general,  but  indireetly  al.«o  by  augmenlJng  tJie  alisoitilion  of 
water  and  hcightenhig  tliu  tiirgesccnw  of  the  cells.  Burger- 
stein  sliows  tli.1t  leafy  twigs  of  yew  can  transpire  even  at  A 
temperature  of  — 10.7"  C.  while  Uie  leafless  shoots  of  Iiorse- 
fheslnut  are  anid  by  Wiesner  to  transpire  at  — 13°  C* 

Sudden  diaiiges  of  l4'inp?ratni'e  greatly  influene«  transpiration, 
since  the  ■'  atmosphere  and  t!ie  plant  cannot  follow  tlic  course 
of  temiieraturu  with  eqnnl  rapidity,  and  a  rareJlcallon  of  the 
air  saturated  with  moistuie  within  the  plant  must  favor  its 
release."  • 

743.  EITNit  of  liKht  apoa  traiMpiratlon.  Transpiration  goes  on 
more  rapidly  in  light  tlian  in  darkness,  even  when  the  teiniierar 
ture  in  darkness  is  somewhat  higher.  But  differences  in  tlio 
intensity  of  ditfused  light  do  not  produce  veiy  marked  diflercnces 
in  the  amount  of  transpiration.     When,  however,  diffhscd  light 

>  Vmiiclis-i!Uli«nen,  L,  1S5B,  ji.  S23, 

SmIis  met  with  aonie  anoinaliiu  in  hit  cxpCTiniRnts,  in  on«  eaxc  Bniling  ■ 
notitvabln  rvtarJalimi  of  transpiration  upon  tlin  uililition  of  mi  acid. 

*  SiliiiriiwK  .L  WicnrrAkKl.,  1878  ami  1679. 

*  Qnotni  by  Predrr:  PILmzenpfaysioIoKin,  i.,  ISSI,  p.  ItS. 

*  PfitBar :  PfLuueaphyaioltigic,  i.,  1S31,  p.  148. 
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is  replaced  by  direct  sunlight,  the  increase  in  transpiration  is 
striking.^ 

744.  Effects  of  different  rajs  upon  transpiration.  Wiesner*s 
conclusions,^  based  on  a  study  of  transpiration  in  different  ra^'s 
of  tlie  spectrum,  are  as  follows :  (1 )  the  presence  of  chlorophyll 
appreciably  increases  the  action  of  light  upon  transpiration ; 
(2)  it  is  the  rays  coiTcsponding  to  the  absorption-bands  of 
chlorophyll,  and  not  the  most  luminous  rays,  which  cause  trans- 
piration ;  (3)  rays  which  have  passed  through  a  solution  of 
cjilorophyll  have  only  a  feeble  effect  upon  the  process ;  (4)  the 
non-luminous  heat-raj's  act  as  do  the  luminous  rays,  but  in  a 
less  marked  manner,  the  ultra-violet  chemical  rays  have  sub- 
stantially no  effect;  (5)  whatever  the  rays  arc,  they  always  act 
b^'  elevating  the  temperature  of  the  tissues. 

745.  Effect  of  shoclt  npon  transpiration.*  According  to  Bara- 
netzky,^  shaking  a  plant  for  a  short  time  increases  transpiration 


*  As  shown  by  the  following  experiments  by  Wiesner  :  — 


Name  of  plant. 

In  darkness. 

In  diflTnMd  day- 
light. 

In  sanllgUt. 

• 

Zea  Main,  etiolated     .    .    . 

Zea  Main,  nn'oon 

•  Spartlnm  J-;nceiim  (fiowen) 
MalTa  arborea  (flowers) .    . 

106  mg. 
07  •• 
64  •« 
23  •• 

112  mg. 

114  *• 
69  '« 
28  " 

290  mg. 
785  *• 
174  •* 
70  •• 

The  amounts  of  water  are  calculated  for  a  surface  of  100  square  centimeters, 
and  for  one  hour.  But  it  is  not  perfectly  clear  to  what  the  special  action  of 
light  can  be  due.  The  inci-eased  size  of  the  cleft  of  stomata  under  light  cannot 
account  for  uU  cases  ;  for  accoixling  to  Wiesner  young  maize  plants,  in  which 
the  transpiration  is  lai^e,  have  their  stomata  closed. 

'  *  Annales  des  Sc.  nat.,  ser  6,  tome  iv.,  1877,  in  which  may  be  found  also  a 
note  upon  the  same  subject  by  Deh^rain. 
.  '  See  also  Herlwrt  Spencer's  Experiments,  on  page  263. 

*  Botanische  Zeitunpj,  1872,  p.  89. 

The  following  example  will  show  the  i-esults  of  Baranetzky*s  experiment 
ujion  a  leafy  stem  of  Inula  Helenium. 


Time  (morning) 

State  of  plant 

Transpiration 
in  grams. 

Air 

temperature  C. 

Atmontiiteric 
moisture. 

7.40 

quiet. 

_„ 

_ 

_ 

8.10 

u 

.50 

22.1 

76  per  cent. 

8.40 

fthaken. 

.52 

228 

76       " 

9.10 

quiet 

.68 

22.4 

76       " 

0.40 

t« 

47 

22.5 

76       " 

1       10.10 

« 

.55 

22.7 

77       •* 

10.40 

*t 

.54 

22.9 

76       • 

11.10 

eli.'iken. 

.69 

231 

76       •• 

11.40 

quiet. 

.45 

23.3 

75 

12.10 

ti 

.52 

234 

76 
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appreciably ;  if  the  plant  is  tlien  kept  at  rest,  the  rate  falls  I)e- 
loiT  that  pivviuus  to  ttic  shakings  afler  which  it  gi'adtinllj'  iirob 
to  its  noriiial  |>oiDt.  Even  a  sharp  single  shwk  is  cnougli  to 
prtMluce  some  effect  upon  traiispi ration,  but  the  shaking  must 
cohtiiiiie  at  least  a  spcoiid  in  oiiier  to  change  the  rate  very  much. 

ir.  however,  the  slmking  is  long  coniiniicd,  or  short  shakings 
ftrc  oflcn  rcpentcfl,  there  is  a  noticeable  iltniinntion  in  the  ]'nt«. 
Baraneuky  attribiit^B  Iho  heigliU-ning  of  llie  rate  hy  a  sndilcn 
Bhock  to  the  correspond injfly  sudden  compression  of  the  int«r- 
ccllidar  s|iacos  and  the  c-<>nae<|ucnt  i-enewal  of  tlie  air  Ihvruiu 
i-ontaincd;  while  the  diminished  rata  which  follows  (.■ouiinued 
shaking  is  due  to  a  parti.il  closing  of  the  stomata  (sec  also 
181). 

7-IG.  Relitlon  of  1^  of  leires  to  tnuisplritloii.  According  to 
Dcht'rain'  ajid  Iluhnvl,''  young  leaves  exhale  moix-  wat«r  tlmn 
older  leaves.  Ks|>erinients  were  luiule  by  the  former  ni>on  the 
ujtper,  middle,  and  lower  leaves  of  rye.  Fiom  the  uewly  devel- 
oped loaves  inoi-c  water  wns  exhaled  llian  from  the  middle,  niid 
more  from  the  latter  than  from  Uiose  farther  down  the  stem. 
Sachs*  states  that  young  leaves  exhale  less  than  those  which 
arc  fVilly  developerl,  but  that  thci'c  is  some  diminution  in  the 
case  of  old  leaves, 

747.  Under  external  conditions  which  arc  as  nearly  iniiform  as 
can  be  secured  tlierc  are  variulions  in  the  rote  of  tians  pi  ration 
not  yet  undersloo^i ;  tliese  are  generally  i-efcrred  to  variations  in 
the  tension  of  tissues  (see  1025). 

74r«.  BeUtion  of  transplmtlon  to  Kbsorptlon,  It  is  plain  that 
transiiiration  froui  leaves  is  tlie  chief  cause  of  absoqition  by 
the  roots ;  but  it  has  been  shuivn  hj-  Vcsque  *  that  these  two 
functions  ai-e  not  newssaiily  prnimi-tional.  According  to  him 
it  is  only  when  a  phint  is  subjected  to  uniform  conditions  of 
diffused  light,  and  a  mo<icrute  amount  of  uioistni'e  in  the  air. 
that  they  are  about  ctpial.  In  a  very  dry  air,  Iranspimtion  in 
ihe  case  of  most  plants  far  exceeds  alisorjition  until  willing 
comes  on.  When,  on  the  other  hand,  a  plant  is  withdrawn  froni 
a  moderately  moi^t  ail'  and  placed  in  an  atmosgiheix!  saturated 
with  moisture,  absiiri)tion  goes  on  fur  a  lime  more  rapidly  Uian 
i{>iration,  hut  both  become  soon  arrested. 

depen<lence  of  the  rate  of  absorption  upon  temperature 

imie  Agricole,  1ST3,  p.  178. 
I  auf  d.  Gch.  d.  A^kultun'hysik.  1879. 
;  1865,  II.  228. 


1  dtsSc.  nut.,  l^r.  6,  t 


«  tL,  1878,  EL  22S. 
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has  been  sliowii  hv  manv  iiivestijrators,  nolablv  bv  Sachs  J  who 
fuuiul  that  wcll-r<>c)tc<!  and  lull-leaved  plants  of*  gourd  and 
tobacw>  wilted  when  tlie  Umjperatuie  of  the  air  and  soil  ranged 
from  i^.T"  to  o""  C,  although  the  ground  was  plentifully  supplied 
with  water.  When  the  tenii>erature  of  the  soil  became  higher, 
t!ie  leaves  lx»eanie  again  tui*gescent. 

Another  cause  which  may  disturb  the  relation  iK'tween  absorp- 
tion and  transpiration  is  foinid  in  the  diminished  conductivity  of 
wood\*  tissue  at  low  tempi'ratures.* 

749.  Checks  upon  tranKpiralion.  Among  the  more  obvious  adap- 
tations of  plants  to  dry  cliniates  are  :  ( 1 )  reduction  of  Iblingc  to 
a  minimum,  as  in  the  case  of  condense<l  stems  (see  V<»l.  I.  p.  ij4) ; 
(2)  a  coriaceous  or  evt*n  <h*nser  texture  of  leaves  or  of  blanches 
I'esembling  leaves,  such  as  phyHocladia  (Vol.  I.  p.  Gi')) ;  (;i)  ver- 
tically placed  leaves  or  Iheir  analogues,  ph\llodia,  in  many  if 
not  most  of  which  the  structure  of  the  parenchyma  and  of  the 
epidermis  with  its  stomata  is  the  same  on  both  sides  ;  hence 
the  sides  have  substantially  the  same  exposure  to  air,  and.  in 
the  compass  leaves,  to  light  as  well  (see  4IS).  Another  adap- 
tation has  l>cen  pointed  out  by  l*fitzer'  an<l  by  Westermaier ;  * 
nameh*,  the  possession  of  an  epidermal  or  subepidermal  ''water 
tissue,"  or  '*  water-storing  tissue  *'  (see  2()*J). 

Leaves  ])rovided  with  water-storing  tissue  show  the  effect  of 
drought  first  in  the  partial  colh4>se  of  these  cells,  their  radial 
walls  becoming  somewhat  undulate,  while  the  assimilating  cells 
remain  full  and  unchanged  in  form.  These  water-storing  ceils 
lose  comparatively  little  water  by  transpiration  ;  the  water  which 
they  contain  is  given  up  as  recjuired  to  the  assimilating  paren- 
chyma. When  a  fresh  supply  of  water  is  afforded  to  the 
collapsed  water-storing  tissue,  the  recovery  of  tnrgescence  is 
immediate.  Examples  are  found  in  the  following  among  many 
other  plants  :   Peperomia,  Tradescantia  discolor,  Ficus  elastica. 

In  lunnerous  succulents  the  vacuoles  of  the  assimilating  cells 
fr(»quently  contain  a  thin  mucus,  from  which  water  evaporates 
only  slowly,  and  this  is  believed  to  play  an  imt)ortant  part  in 
the  storage  of  water.* 


1  notaiiiscli.'  Z«'itiiii^'.  18(;0,  |».  124. 

2  BcitniKc  ziir  Theoric  dcs  \Vm/i'Mnukc.s,  1877,  p.  38,  quoted  by  rfrflftT, 
Pflaiizi'iii»liy.si«»l<»<:ii*. 

**  TrlHTdir  ii)clusihi«liti«^«'  Kpidrnnis,  Pnn^shoinr>.Talirb.,viii.,  isr2,  p.  IG. 

*  UrlnT  i^jiii  uimI  Kuiu-lioii  (l(*s  pilan;;lii'lt('n  Hsiut^'wrlK'systriiis,  //><(/.,  xiv. 

*  Plants   wliich   anj   i»e('iiliaily   aiiapti'd   to   tin*  ilimatoa  art'   teiiiitd   by 
De  Caiulolle  Xi'roj^hUous.     Among  tbeni  arc  found  many  Com[)0.sit.Te,  notable 
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750.   The  chief  eifects  of  transpiration  upon  the  plant  are : 

(1)  the  transfer  of  dilute  solutions  of  niiueral  matters  to  the 
cells  where  assimilation,  or  the  production  of  organic  matter, 
takes  place ;  (2)  the  concentration  of  these  dilute  solutions  by 
evaporation.  The  extent  to  which  such  concentration  must 
take  place  can  be  easily  inferred  from  the  large  amounts  of 
water  which  are  exhaled  from  some  common  plants  under  ordi- 
nar}'  conditions  of  culture.  According  to  llabcrlandt,^  the  total 
amount  of  water  exhaled  from  a  plant  of  Indian  corn  during 
173  days  of  growth  was  14  kilograms  ;  of  hemp  during  140  days, 
27  kilogran)s  ;  and  of  sunflower  during  the  same  period,  G6  kilo- 
grams. Ilohnel  ^  estimates  the  amount  of  aqueous  vapor  given 
off  between  June  1st  and  December  Ist,  by  a  hectar  of  l)eech 
forest  (the  trees  averaging  rather  more  than  one  hundred  years 
in  age),  to  be  between  2,400,000  and  3,500,000  kilograms. 
That  the  leaves  in  autumn  contain  more  ash  constituents  than 
in  spring,  appears  from  numerous  analyses,  of  which  a  few 
are  here  given  from  IStorer's  compilation. 


Name  of  Plant. 

Time. 

C(m<lition  of 
Drync^iS. 

Per  cent 

of  AsIj. 

Analyst. 

Oak 

ii 

•           •          •           •          • 

MullKTiy  .     .     . 
(( 

Beech    .... 
it 

•          •          •          • 

May 

Si-pt. 

April 

Aug. 

May 

Nov. 

Fresh. 
i( 

<< 

(( 

Dried  at  1 00°  C. 

1.30 
2.40 
2.15 
4.90 
4.67 
11.42 

Saussnre. 

Pupils  of  Fresenius. 

Rissmiiller. 

751.    Inflaence  of  transpiration  upon  the  air.     Ebermeyer^  has 
shown  that  in  the  course  of  the  year  the  absolute  humidit}'  in  the 


pro|>ortious  of  LahiatT,  Liliaceie,  Palmacefe,  Myrtaceaj,  and  Euphorbiacere  ;  but 
the  most  characteristic  orders  are  Zygophyllacete,  Cactacete,  Mesemhiyauthe- 
macea;,  Cycadacere,  and  Proteace;e  (Constitution  dans  le  r^j^ie  vegetal  do 
grouiM»s  physioh)gi«|ue8,  Arch.  Bibliothetiue  universelle,  1.,  1874). 

1  Wissensch.-prakt.  Untersnchunrjen,  1877,  B<1.  ii.,  p.  158. 

2  Ueber  die  Transpii-ationsgitisse  d.  forstl.  Holzgewachse,  1870,  p.  42.  Both 
tliis  and  the  [)re<'eding  citation  are  from  Pfeffer's  PManzenphysiologie,  i.  p.  153. 

*'Some  of  HalK'rlandt's  figures  for  cro|Ks  are  obviously  too  high,  proliably 
from  overlooking  the  diminution  in  the  rate  of  tmnspi ration  which  attends 
crowding  plants  together.  Tims  he  makes  the  total  amount  of  water  exhaled 
from  an  hectar  of  oats  during  the  jKjriod  of  vegetation  to  be  2,277,760  kg.  ;  of 
barley,  1,236,710  kg." 

*  Die  physikalischcn  Einwirkungen  des  Waldes  auf  Luft  und  Boden,  1873, 
p.  148. 
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air  of  a  forest  is  scarcel}*  greater  than  that  in  air  over  ojxjn 
ground.  But  the  relative  humidity  in  the  former  case  is  about 
six  per  cent  greater  than  that  in  the  latter. 

752.  It  has  l>een  held  by  many  that  forests  have  a  direct  effect 
in  increasing  the  amount  of  rain-fall,  presumably  by  bringing, 
thix>ugh  transpiration,  the  amount  of  moisture  in  the  atmosphere 
of  a  wooded  place  nearer  the  [K)int  of  precipitation.  But  the 
weight  of  evidence  now  available  is  against  this  view.* 

753.  On  account  of  the  shelter  which  they  affortl,  the  trees  of 
a  foi-est  play  an  important  part  in  the  storage  of  a  water-suppl}*. 
Under  their  branches  small  plants  can  thrive,  and  by  their  hold 
upon  the  ground  impart  to  even  very  |x>ix>us  soil  a  good  degree 
of  stability- 

Soil  covered  with  mosses  and  other  humble  plants  which  live 
in  the  shade  not  only  holds  back  a  large  part  of  an}*  given  rain, 
so  that  the  water  drains  off  more  slowl^',  but  it  is  not  likel}*  to 
be  itself  washed  down  to  lower  levels.  U|)on  a  treeless  slope, 
however,  the  rains  wliich  fall  sweep  down  at  once. 

754.  There  is,  fuilhermore,  less  evaporation  from  a  soil 
covered  b}-  a  growth  of  trees  than  from  open  ground.  Obser- 
vations during  the  summer  months  recorded  by  Eberme^'er* 
show  that  the  evai)oration  of  water  from  the  soil  of  a  forest, 
when  the  surface  is  not  covered  bj'  grass,  is  only  sixty-two  per 
cent  of  that  which  takes  place  from  open  ground.  But  if  the  soil 
under  the  shade  of  a  forest  is  covered  with  grass,  the  evaporation 
is  eighty-five  per  cent  of  that  in  the  open  ground. 

Von  Mathieu  found  that  the  evai)oration  from  open  ground 
from  April  to  October  was  about  five  times  as  much  as  from 
woodcMl  soil ;  but  he  does  not  state  whether  the  soil  in  the  latter 
case  had  grass  u|)on  it  or  not. 

1  "  Forests  increase  the  annual  relative  moisture  of  the  air,  but  this  in- 
ttnence  is  much  more  noticeable  at  high  elevations  than  at  low  elevations. 
The  ]n-ecipitation  of  moistui-c  (ilcw,  cloud,  rain,  8now)  takes  place  more  readily 
on  this  account  in  wooded  than  in  treeless  regions,  and  the  frequency  and 
intensity  of  these  pnn'ipitations  incn*a.sc  with  elevation  above  the  surface  of 
the  sea.  Moisture  descends  more  readily  and  fre<iuently  upon  a  woodetl  than 
upon  a  treeless  mountiiin  of  the  same  height.  Foivsts  affect  rain-fall  only  so 
far  as  they  increase  the  relative  amount  of  water  held  in  the  air,  and  thus 
bring  the  relative  amount  neai-er  the  |>oint  of  saturation  ;  thus  with  the  fall  of 
temperature  in  the  forest,  a  |Mirt  of  the  moisture  is  easily  precipitated.  .  .  . 
Forests  make  the  climate  of  a  country  moister,  and  especially  so  in  summer" 
(Ebermeyer :  Die  phyt>ikalischen  Eiuwirkungen  des  Waldes  auf  Luft  und 
Bpden,  i873,  p.  151). 

^  Die  physikallschen  Einwirkungen  des  Waldes,  p.  175. 
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735.  EIIM  or  tranipirallon  npon  (to  soil.  The  umotint  of 
wntcrtakoii  from  tlic  soil  by  Llic  trees  of  n  rorost  nnil  [inssed  into 
the  nir  by  Irniispi ration  is  imt  as  large  ns  thnt  nLrumulatcil  in  the 
soil  hy  the  tlimiiiiMtiL-d  fvn|K>ratioti  iimler  tlie  brniulies.  Hence 
there  J3  nil  aet'iiniulatinii  oT  water  in  llie  shndc  oC  forests  wlitch 
is  relcaseil  slowly  liy  ilrainagc.  Hut  if  the  trets  nrc  so  Kcntlci'cd 
ns  not  materially  lo  i-eihice  evaporation  from  the  ground,  the 
eirect  of  t rn  11  B|)i ration  in  diminishing  the  uiuistnrc  nf  llie  soil  is 
readily  shown.  It  is  noleU  Gspcciitlly  in  case  of  Inrgc  plants 
having  a  great  extent  of  exhaling  Bnrface,  stich,  for  instance, 
OS  the  common  sunflower.  Among  the  plants  whieb  have  been 
BiiccesefiiUy  employed  in  the  drainage  of  marsh)'  soil  by  trnnspi- 
ration  prol>ably  the  species  of  Eucalyptus'  (notably  E.  globulus) 
are  most  etficient. 

■  7nfi.  Do  IcBTCN  absorb  aqaeons  rxporl  It  is  everywhere  known 
that  leaves  which  wilt  during  lh«  dajlimo  from  slight  dryness 
of  the  soil  may  recover  their  turgesccnee  during  Ihe  night,  for 
then  transpiration  is  reduced  to  a  minimiiut,  nnil  the  demand  for 
water  is  very  slight,  so  that  there  is  a  si^eedy  reailjiistnient  of 
Ibe  equilibrium  which  was  disturlieil  during  the  day.  It  is  slill 
A  disputed  point  whether  wilted  leaves  can  absorb  any  appre- 
ciable amount  of  water  (Vom  tho  dew  which  falls  mxm  them. 
Experiments  by  Dnehartrc'  indicate  that  the  amount  must  be 
Terj'  small,  if  indeed  any  at  nil.  That  leafy  branches  detached 
fixjm  tho  plant  can  absorb  water  through  the  leaves  is  well 
known,  and  1ms  Ircen  already  alluded  to. 

>  Sw.  a  vpry  iutPrestiiig  ■cpount  by  Murllcr  in  Eoealyptngmpliia,  1881, 
AIm  aa  aTtw\e  by  H.  N.  Drsprr  in  (.'hami era's  Jouniitl,  Iviii.  ItfS,  rtprintcd 
in  t  jtlell's  Ijiiiig  Ago,  cilix.  376. 

■  Aim.  lies  Sc.  uaU,  <xt.  4,  toinu  xv.,  1861,  p.  lOQ. 


CHAPTER  X. 

ASSIMILATION   IN   ITS   WIDEST   SENSE,  APPROPRIATION  OP 
CARBON,  NITROGEN,  SULPHUR,  AND  ORGANIC  MATTERS. 

757.  The  term  assimilation^  as  generally  under8txx)d  in  Vege- 
table Physiology',  means  the  conversion  by  the  plant,  through 
the  agency  of  chlorophyll,  of  certain  inorganic  matters  into 
organic  substance. 

Some  authors,  however,  give  to  Ihe  word  assimilation  a  wider 
signification,  namely,  the  conversion  into  utilizable  substance 
of  all  matters  whatsoever  bmught  into  the  organism.  Such  ^ 
regai*d  chlorophyll  assimilation  as  onl}'  a  special  case  under  a 
general  class  which  comprises  the  appropriation  of  (1)  carbon, 
(2)  nitrogen,  (3)  sulphur,  so  far  as  this  is  a  constituent  of 
protoplasm,  (4)  certain  organic  matters. 

758.  It  will  presently  be  seen  that  with  the  appropriation  of 
carbon  by  the  plant,  there  is  always  associated  the  appropriation 
of  the  elements  of  water,  namel}',  hydrogen  and  oxygen  ;  but  the 
mere  entrance,  transfer,  and  exit  of  water,  which  is  known  to 
undergo  no  chemical  change  in  the  organism,  have  already  been 
examined  in  Chapters  Vll.and  IX.,  and  do  not  strictly  belong  to 
the  process  of  assimilation.  There  are  sundry  mineral  matters 
which,  though  absolutel}*  essential  to  the  well-being  of  the  plant, 
are  conveniently  examined  without  special  reference  to  assimi- 
lation, even  in  its  widest  sense.  Some  of  them,  like  the  salts  of 
potassium,  are  indispensable  to  the  process  of  assimilation  ;  but 
they  do  not  become  at  an}*  period  an  indispensable  part  of  the 
substance  of  the  plant.  In  the  case  of  sulphur,  however,  a  small 
amount  of  the  element  is  appropriated  by  the  plant  and  consti- 
tutes a  component  part  of  its  [)rot^)plasmic  matter.  The  mattera 
which  by  their  temporary  presence  in  the  plant  contribute  to 
its  activities,  have  been  likened  to  the  absolutel}*  necessarj*  lu- 
bricants without  which  machiner}'  cannot  run  easily  or  perhaps 
at  all. 

*  Sec  Pfeffer's  Pflanzenpliysiologie,  i.  186. 
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W  APPEOPEIATION  OF  CARBON,  OR  ASSIMILATION 

I  FROPt:!!. 

B  739.  The  appropriation  of  cartion,  nml  iU  comhination  witii 

I  tUe  elements  of  water,  is  by  far  the  most  striking  of  the  kinds  of 

I  sssiniilatioii ;  anH  siDce  it  uniierlies  to  n  eertniii  extent  tint  fnrma- 

I  tjon  of  the  matter  with  which  niti'ogen  and  sulphur  arc  incorix)- 

I  rat«d  to  constitute  the  living  substance,  it  may  well  lay  claim  to 

I  lie  considered  assimilation  proper.    It  was  employed  in  Uda  sense 

I  by  Asa  Gray  iu  18oU,  iu  the  second  edition  of  tliu  Tcxt-liook. 

'  For  brevity,  therefore,  tie  li-rm  atsimUatioii  in  the  present 

section  will  be  made  to  n-fer  to  the  appi-o|)rialitm  of  carbon. 

7G0.  Witti  some  exceptions,  to  bo  mentioned  latr r,  tlie  follow* 
Ing  statement  holds  good  fur  alt  plants :  tusimHution  is  esten- 
tiatbj  aproceM  iif  reditcti'in  in  which  the  iuui^uie  matters  are 
(1)  wal^r  taken  rtttm  the  soil,  and  (2)  carbonic  acid  '  taken  IVooj 
the  air;  mid  the  oi^nie  substance  produced  fl'oni  tliese  is  some 
carlwhydralc  which  contains  less  oxygen  than  the  two  tt^ether. 
Hence  in  assimilation  there  is,  witli  tlie  evolittion  of  oxygen, 
a  partJal  reiluction  of  the  inorganic  matters  employed  in  ttie 
process. 

7G1.    Assimilation  takes  place  only  under  tlie  following  condi- 
.  tiona:  (1)  The  assimilntiii<r  organ  must  contain  living  clilorophyll 

L  or  its  equivalent ;  (2)  water  and  carlionic  acid  must  l>e  fitrnishcd 

I  in  proper  amount;  (3)  rays  of  liglit  of  a  certain  character  mnst  act 

I  n[>ou  Uic  organ;  (i)  it  must  be  kept  at  a  certain  tem|)erature, 

V  there  being  a  minimum  degree  of  lieat  lieiow  which,  and  n  maxi- 

mum degree  above  which,  uo  assimilation  can  occur ;  (it)  a  minute 
amount  of  certain  inorganic  matters  other  than  those  named, 
notably  some  com|mund  of  |>ot38siimi.  must  Iw  witliin  n-ach. 

7f>2.  Tha  assimilating  srstein  of  the  plant.  All  cells  which  con- 
tail)  chlorophyll  or  its  equivalent,  and  which  admit  of  ex|>osure 
to  the  sun's  rnye,  constitute  the  assimilating  system  of  tlie  platit ; 
but  it  must  not  be  understood  that  they  i>erform  only  assimilative 
work.  Iu  the  sitiiplcst  vegetable  organisms  (unici-Ilular  or  fila- 
mentous alga-)  and  even  in  some  water  planrs  of  the  higlier 
grade  (Anacbaria)  these  cells  are  at  one  and  the  same  time 
mcmliers  of  an  absorbing,  a  storing,  and  an  assimilative  eya- 
U'm.  In  land  pInnU,  and  in  some  water  plants,  however,  certain 
cells  have  the  ufllce  of  assimilation  as  their  8i)ccial  and  dominant 


>  Id  gcnpral  throiiicli'iul  this  work,  the  term  carienie  add  sill  Iw  e\ 
liutcwl  of  urboD  dioxiJc,  to  denoti:  COy 


ijilojsd, 
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function.  These  cells  are  found  chiefly  in  expansions  upon  or  of 
the  axis  ;  of  course,  most  commonly  in  ordinary  leaves.  But  in 
many  cases  the  primary  axis  itselT  and  the  secondary  and  other 
axes  (I tranches)  may  have  a  considerable  share  of  the  proper 
assimilating  tissue  of  the  plant.  In  some  instances,  for  exam- 
ple, in  solid-stc»mmed  and  fleshy  plants  (as  Cactacea?),  the  whole 
assimilative  apparatus  is  to  be  found  on  the  surface  of  axial 
instead  of  foliar  organs  ;  and  the  same  is  true  of  certain  ligneous 
plants  specially  adapted  to  desert  conditions  (e.  z/.,  Colletia). 

7G3.  The  development  of  the  assimilative  system  in  land 
plants  api)ears  to  have  Iwen  controlled  by  two  opposed  factors  ; 
namely,  (1)  the  advantage  to  be  derived  from  exposure  to  air  and 
light,  an<l  (2)  the  disadvantage  consequent  upon  too  great  loss 
of  moisture  by  evaporation.  Even  the  most  superficial  examina- 
tion of  the  tropiciil  plants  ctiltivated  in  our  hot-houses  reveals 
the  striking  maimer  in  which  a  balance  has  been  struck  between 
these  conflicting  influences :  the  plants  of  warm  jungles  (e,  //., 
Scitaminea.')  having  broad  and  long  leaves  suited  to  a  humid 
atmosphere,  while  the  plants  of  parched  sands  (Cactaccffi  and 
the  like)  are  characterized  by  some  protection  against. excessive 
eva|X)ration.  In  both  these  extreme  cases  the  provision  for  a 
certain  amount  of  evaporation  is,  on  the  whole,  seen  jto  Ikj 
tributary*  to  the  essential  work  of  all  green  tissue,  namely*, 
assimilation. 

764.  Pix)f)er  exposure  of  the  assimilating  apparatus  of  a  plant 
to  light  is  secured  (I)  by  the  shape  and  position  of  the  assimilat- 
ing organ,  whether  it  be  axis  or  leaf,  and  (2)  by  the  arrangement 
in  the  organs  of  the  cells  themselves.  Concerning  the  first,  see 
Volume  I. ;  in  regard  to  the  second,  see  this  volume,  page  159. 

705.  Chlorophyll  ^  (xXcopo?,  green^  an<i  ^^rXXor,  lenf).  The  term 
chlorophyll,  originally  applied  to  the  pigment  rather  than  to  the 
substance  which  contains  it,  is  now  used  indiflTerentlv  to  denote 
the  coloring-matter  and  the  portions  of  protoplasmic  mass  which 
arc  tinged  by  it.  It  is  Iwtter,  however,  to  designate  the  former 
chlorophyll  pigment,  the  latter,  chlorophyll  granules,  or  grains. 

766.  In  regard  to  the  genesis  of  the  chloroph3-ll  granules 
which  are  the  essential  constituent  of  tiie  assimilative  cells,  the 

1  "  Nous  n'avons  aucun  droit  pour  noinnn»r  une  substimre  connne  depais 
longtom]»a,  et  2i  I'liistoire  de  laquelle  nous  n'avons  ajoute  <|uc  quelques  faits  ; 
cfependant  nous  proposcrons,  sans  y  mettre  aucune  ini|>ortanoe,  le  nom  de 
ckJorophylc^  dc  chloros^  couleur,  ct  <f>v\\oPf  feuille;  ce  nom  indiqnerait  le  rCle 
q\i*elle  joue  dans  la  nature"  (Pellctier  and  Caventou:  Journ.  <le  Pharmacie, 
iii.,  1817,  490). 
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■ift>llowmg  view'  ap])etira  to  bj  most  in  coiiSoDance  with  recent 

■invcBtigatioDs.     Inibedilcd  in  the  protoplasm  at  everj'  growing 

joint  there  are  peculiar  bodies  (plastidd)  wliit^h  have  eiibstiiLi- 

^tlnlly  the  same  charactci-B  anil  §tructnrc  as  the  proloplasni,  and 

or  less  clearly  ditfereiitiuted  from  it  even  at  an  early 

I   period.    As  the  cells  which  develop  from  the  grovrin;;;  point 

t  Wsiime  the  diTcrent  clmmctera  which  tit  them  I'or  siiecial  ser- 

B-Tki>,  for  example,  tlioac  in  eeituin  tubere  and  ixiota  fur  stoiif^ 

■bousi>8,   tliose    in    leaves   for   nasimilution,  and  thuge    i 

■  flowers  and  frnits  for  uilor,  their  plaslidd  may  likewise  assniii*^ 

scloi  oharactt'i-8.     Those  whieb  are   dealined    for    Lhu   stoi-e' 

lotiaes  become  leiii'oplastida,  or  starcli-furmcrs ;  those  in  giocn 

•,  ebloro[ilustids  or  ehlorophjll  granules  ;  and  th(tae  in  eoU 

'  ored  flowers  and  fruits,  ohro  mop  last  ids.     As  might  be  expected 

lK>u  tbeir  common  origin,  the  plastids  whiuh  under  one  set  of  « 

oouditious  might  become  leucop  lust  ids,  may,  under  another  set,  | 

^  become  ehloi'opUstids,  etc. 

767.    The   recognition  of  this  view  ivganling  the  origin  of 
Kelllorophyll  grains,  etc,  althuiigb  it  is  as  yet  partly  hypotheti- 
1'tB.l,  nill  enable  the  student  to  explain  some  of  the  extraordi- 
nary intermediate  forms  met  with ;  fur  instance,  thoae  where  the 

t  Meyer  (l)<isClil.jniphyllkoru,lSS3,  and  UotoiiiscUcsCriilmlblntMSS^thM 

RtRbrd  mbslaotiiiily  the  imme  miultt  m  ihaaa  ubtaiiitil  l>y  Schiiugier,  which  in 

tiM  iiCTOiliit  above  givcu  hnve  iH-eu  prewuti-d  with  SeLinijiFr's  noinenclBturf. 

f  Hajtt  Muiiloys,  howevi^r,  Ihc  soniewhat  difltreut  tcrnjinnlugy  giren  belov. 
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For  a  fullFr  account  of  the  vievs  of  Uefrr  anil  8chim|i«r,  the  Hludnut  i 
ananlt  the  original  memoirs  iii  Butniiische  2^itiinf[.  1883,  or  an  ezcelleni^ 
■WNtract  by  Bowit  (Quarterly  Juurunl  or  Microscopical  Sciaiice,  IHSI). 
I"    Schniiti  {Die  ChrooiBtophorcn  drr  Algcn,  1583)  bu  duicribed  at  g 
lltngtli  ccHaJD  atnii^tiirea  annloguiu  to  chlomphyll,  occnrriDg  in  ■oine  nl 

If  piauts.    Tlivw  granular  bntira.  called  eiinimatophom,  pinteas  eonsit     

i«  diversity  of  fam,  Iml  all  ngire  in  coD-iUliii|{  oF  n  matrix  or  Inui  penn<«tajl 
f  aniiiiing-iuatter.     In  iiioet  gjwn  nip:  there  am  alao  rounil  one  or  luonn 
F^iinutBk  roaiutfc),  gmtiiitnr,  rolorlru  boiUra  cnilicddcil  in  the  ehniiiuito|ihor«, 
IS  pyreniiiilii.     Thc«v  aie  frei|iien(ly  associiilwl  witb  gmnules  of  iilarch, 
CAroniatophai'Ts  aru  beUererl  by  Schniiti  U?  iavrtast  only  by  the  prooeM  of 
I  diviaioa,  but  the  pyreDoiiJU  either  by  iltTiatou  or  by  Awh  rormntiiiu. 


288  ASSIMILATION. 

plastids  of  one  soil'  can  for  a  time  undertake  tlie  office  of  the 
plastids  of  another  sort.  It  explains,  partially  at  least,  the  in- 
trusion of  chlorophyll  grains  into  parts  of  the  plant  where  the}' 
do  not  w»cin  to  properly  l)olong.  and  ae<?ounts  for  some  of  the 
apparent  changes  which  they  may  subsequently  undergo. 

768.  According  to  the  early  investigations  of  the  subject,  the 
chlorophyll  granules  were  reganled  as  differentiations,  at  an 
early  stage  in  the  embryo  and  seedling,  from  a  mass  of  homo- 
geneous i)rotoplasm :  according  to  the  present  view  they  are 
derivatives  by  division  from  pre-existing  plastids.*  When  devel- 
oped in  darkness,  they  are  pale  yellowish,  or  even  devoi<l  of  color. 
Plants  grown  in  the  dark  (compare  788)  l)ecome  green  upon 
ex|X)sure  to  the  light,  provided  they  are  not  at  the  same  time 
kept  too  cold.  The  minimum  temperature  at  which  they  turn 
green  is  different  for  different  plants,  but  may  be  said  to  be 
in  general  not  far  from  G"^  to  10°  C. 

Certain  Gymnosperms,  notably  seedlings  of  Abies  and  PHnus, 
develop  a  bright  jgreen  c*olor  in  the  deepest  darkness,  provided, 
as  before  stated,  the  temiwrature  is  not  bdow  a  CH?rtain  point. 

7G9.  OGcnrrenee  of  the  chlorophyll  granules.  The  granules  are 
found  only  very  sparingly  in  epidermis,  being  chiefly  confined  to 
the  guardian  cells  of  stomata.  They  occur  principally  in  paren- 
chyma cells,  immediately  below  the  epidermis,  and  seldom  out 
of  reach  of  the  light.  But  they  occur  also  in  a  few  deep-seated 
structures,  for  instanc^e,  in  the  thick  cortex  of  some  ligneous 
plants,  and  in  the  tissues  of  not  a  few  embryos. 

770.  That  chlorophyll  granules  are  found  in  the  interior  of 
some  of  the  lower  animals  appears  reasonabl}'  certain,  but  the 
green  matter  does  not  always  present  the  same  charactera.  Ac- 
cording to  recent  authorities,  it  assumes  in  most  cases,  for  in- 
stance in  Spongilla  and  Hydra,  the  form  of  minute  granules.  The 
pigment  agrees  in  some  of  its  essential  pro|>erties  with  that  of 
ordinary  chlorophyll.^  In  some  cases  it  must  still  be  considered 
an  open  (piestion  whether  the  grannies  may  not  be  (or  at  least 
represent)  independent  organisms  dwelling  in  certain  cavities  of 


*  The  views  of  Gris  (Ann.  d(»8  Sc.  nat.  hot.,  1857)  may  be  suinmaiizeil  as 
follows :  The  ^Tanulcs  arise  by  JiflTereiitiution  of  the  j)rotoj»lasm  in  certain 
young  cells  into  two  j>ortions  ;  one  of  tlicse  assiuiies  the  foi-ra  of  roundish 
or  h'nticnlar  IkkHcs  (the  j»rojKT  ^ninnl«*s),  which  under  the  influonce  of  light 
become  colored  griM-n,  while  the  other  remuins  as  a  matrix  in  wliieh  they  are 
eniK'thled. 

2  For  an  interesting  treatment  of  this  subjei't,  consult  Geddes:  Nature,  1882, 
and  Lanke.ster,  Journal  of  the  Ro3'al  Mici*08copical  Society,  1882,  \u  241. 
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these  lower  nnimnls.    Tlieae  wisia  of  possible  symbiosis  dcseno 
aitil  nre  receiving  care(\il  invi>sligntion. 

771.  Many  Hi>eeii's  of  pi unte  derive  nil  nr  a  part  of  tliu  organic 
niatl«r  Toquirei)  for  Uieir  growtli  and  proper  uclivities  eitlier  from 
olUer  i)laiit8  (when  they  are  calletl  itaraaites),  or  fiH>ri]  decaying 
o^iiiiic  matters,  siieh  us  vcgctaltle  mould  (wlieii  they  are  ealled 
saprophytes).  In  tlie  tissues  of  a  fevr  sueh  pLiiits  minute  traces 
of  ubinropliytl  may  &onietitni.'s  Itc  detcetcd- 

772.  Sb-Detnre  «f  chloroiilif  II  gruiulcti.  Under  a  moderately 
lilgU  power  of  the  mieixiSL'OiX!  the  granules  apiienr  as  spheroidal ' 
or  iMilyhedrul  tiodiea,  appni-cnLly  hotni>geneoiis  in  structure,  hav- 
ing neither  vueiiuk-s  nor  granular  matter.  Ily  the  netion  of  cer- 
tain solvents  it  is  iM>3silile  to  remove  tVoin  the  granule  tlie  pigment 
which   has  imparted 

to  it  its  eharncterislic 
color,  whuii  llie  muss 
remains  without  any 
change  of  form. 
Hence  it  ia  proper  to 
distinguish  hetween 
the  I'hloropliyll  pig- 
ment and  the  eliloro- 
pliyll  gnmule.  each 
of  wliieh  will  uow 
be  considered.  A 
method  recently  rlis- 
oovcred  makes  it  pos- 
sible to  demonstrate 
tile  i^eculiar  struetnre 
of  the  granules  with- 
out complete  removal  ' 
of  the  pigment.  This 
method,  known  ns 
I'riugsheim's.'  dejicnds  upon  the  action  of  dilute  hydrochloric 
acid  on  the  green  parts  of  plants.     When  a  thin  green  tissue, 

*  In  Dome  of  the  TballopliyLrn,  tlio  wbole  or  nearly  tbe  whalo  of  the  proto- 
Jilaimia  mm  smms  to  In  cvoiity  colom),  presenting  tlio  appcHranto  of  colnrad 
■[amis,  laniellat,  ittfllato  ronriK.  elf.-.  iin<l  siicb  i^olored  maascsimsiHcIly  cliloro- 
[diyll  boJiiw  (Die  llininutapUorpn  der  Jtlcen.     Ft.  ftchmitz.     Bonn,  1882). 

*  Piiligslii-iin'a  Jalirli.,  ili..  ISm,  p'  280. 
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for  instance  a  leaf  of  Vallisiievia  or  of  Aiinuliaris,  is  treated 
with  a  soliiLion  iif  one  part  of  u>iK.'L-Qtrate(l  liydi-othloric  at-irl 
ill  four  |>;irls  of  nator,  tlii:  first  tLange  obsiTved  is  merely  a 
failing  of  the  greuii  color  of  the  granules  to  a  yellowi&li  or 
brown.  Allcr  a.  few  lionre,  however,  npwn  the  perii>bery  of  encU 
grannie  lliere  &i>{>car9  a  small  roniided  maea  of  a  deep  browD 
color,  generally  keci^ng  mueh  the  Khaj>c  of  the  grannie  n'Oin 
wliii-li  it  has  been  extruded.  Oiteti  more  tlian  one  of  these 
mosses  can  be  detceU^I,  and  they  somcthnes  assume  needle-like 
or  staff-like  shapes.  But,  whatever  their  form  ma.v  Iw,  they 
carry  ont  of  the  gmnnic  all  of  ibc  coloring- mat  tor,  aud  leave  il 
OS  a  honey  eomtwd  mass  of  its  original  shape.  Similar  extrusion 
of  a  colored  mass  can  be  effeoleil  by  the  aiflion  of  the  va|>or  of 
lioiling  wat«r,  or  even  by  immeraion  in  boiling  water:  but  here 
the  change  is  prudneed  in  a  single  hour,  or  even  less  (in  some 
coses,  in  five  minutes).  When  iiiueU  starch  is  present  in  tlie 
cidorophyll  grannies  there  is  generally  considenible  eharige  of 
outline  of  the  whole  moss,  nnd  more  or  less  bi-eaking  dowu  of 
their  inlerntil  structure.  The  iiatiire  of  the  vehicle  wliich,  under 
the  action  of  hydrochloric  aeiil  or  moist  heat,  ciirriea  ont  of  the 
grannie  nil  of  the  co Ion ng- matter,  will  be  referred  to  later,  under 
the  name  given  it  by  Pringsheiin.  namely,  Jlifpochlonn. 

773.  The  mass  of  the  grimnlc  is  lea  by  tliis  removal  of  iU 
coloring- matter,  as  a  s|>oug>'  body  of  about  the  original  6liaj>e 
of  the  grannie.  This  Bjjong)-  stroma,  or  "  li-ul>ecnlar  mass,"  ia 
plainly  ditferenl  fl-om  the  granule  whieh  is  decolorize<l  by  the 
nulion  of  Bolvciit«.  for  csample,  alcohol,  ether,  etc. ;  for  in  the 
latter  case  the  moss  appears  to  Ik  with  an  unbroken  i-outonr, 
and  has  n  solid  structure. 

774.  The  chiarD|ih]i|l  pl?ni«nt  can  be  extracted,  although  with 
variona  associated  waxy  and  fatty  inattei-a,  by  alcohol  and  other 
solvents.  To  prepaid  a  solution  of  the  pigment  for  a  study  of 
its  most  striking  pro|>erlies.  fresh  leaves  shonld  he  bruised,  acted 
OQ  for  a  (bw  hours  in  the  dark  by  wnrui,  stmug  alcohol,  and 
then,  without  esiiosnrc  to  bright  light,  the  liquid  should  lie 
carefully  decanted.  It  is  nnt  dilllciilt  to  separate  the  dark 
green  soUitioti  into  two  distinct  colors  by  means  of  the  following 
methods :  — 

(1)  Fremj/'s proceat.  One  volnmc  of  the  alcoholic  solution 
ia  shaken  with  n  mixture  of  two  volumes  of  ellier  and  one  of 
conoonlratcd  hydrochloric  acid;  after  standing  for  a  time,  its 
upper,  or  ellier  lai/vr,  is  jellow  (phj lloxanthin  or  santbophyll), 
wbile  its  lower,  or  ucid  luyer^  is  blue  or  greenish  blue  (pbyllo- 
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"byaniii).  Ifn^nsiderable  alcotiol  U  now  added,  and  the  mixture 
shaken,  tbe  liquid  again  bet-onies  tboronj^hlv  mtM-d  nn<l  of  a 
irlear  green  t-olor.  Fr'DIj's  Inter  researches  have  led  him  lo  re- 
gartl  tbe  so-called  ithjllocyaiiiii  as  really  an  aoiil  (i)h,vUoc,vanic). 
which  is  pmliahly  eoiubined  wilh  |>otassiuni,  and  tJie  salt  thits 
rurnierl  mixed  with  phvlloxanthin  to  Torm  the  green  uuloriii^- 
roaLti-r  or  chlorophyll. 

(2)  A'«iM«'«  process.  This  method  of  sc[»araling  tlio  two 
coloring-matters  is  based  on  the  action  of  Iwnzol.  The  aleoholie 
solution  pri'irnred  as  directed  on  pa^^e  29(1.  or.  mtieh  better,  with 
alcobol  of  6.>  '.'..  is  shaken  with  at>'>nt  twjee  its  volume  or  ttcuxol. 
or,  according  to  K.  Sachsse.  witb  beiizin  (_sp.  gr.  .714).  After 
a  while  tbe  liirlrid  liquid  separates  into  a  benzol  layer  alwve. 
having  a  bluish-green  color,  and  an  alcohol  layer  Ih-1ow,  tinged 
yellow.  The  yellowish  pigment  is  called  by  Krans.  xantliophyll. 
the  bluish-gn'en,  kyanophyll.  According  to  Wiesner.  kynniiphyll 
is  nearly  pure  chlorophyll  fieed  Ti-oni  its  as3o<'iated  yellow  pig- 
ment santhophjIL  It  is  believed  by  m&ny  that  the  jellow  pig- 
ment separated  by  this  process  is  identical  witli  that  founi)  in 
plants  blanched  (etiolated)  in  darkness,  and  which  has  been 
ualled  etiolin. 

DifTerent  methods  (some  of  which  are  noticed  briefly  in  tlie 
root-not«8 ' )  have  1>ecn  employed  for  the  isoladon  of  the  pure 

'  (t  I  BurMliii*  evaponitcii  tlie  aWholu'  i-xtract  loilryii#s«,  nndiirtrt'  tlrnliiiriil 
with  liyrlrochloric  acid  (sp.  gr.  l.U),  ugaiii  iliisolTe*  it  in  olimhol.  Hi-  then 
pmeipilalus  witli  water,  redissolTea  tb«  precipitate  after  lUlretion,  lUid  Ijmtly, 
by  iMtio  Kid,  iirriritiiutm  Uis  nrvXy  pure  pigment  (Aiinalen  der  CliemiB  iind 
Phimui^B,  ui.,  1S37,  |>.  2S7  ;  xxrii.,  18SS,  p.  306.)  (3)  Frcmy  throws  iloitn 
from  iti  ■Imholir  wiliitinii,  by  use  of  sillier  >liimuiin  or  inignwii^  liyilntr,  all 
colimni;.|iwll«r ;  and  after  thoroughly  vaxhitig  the  pmcipilate  dinolvra  it  in 
a]cohi>Ut^oia|iteaB(siiilti».]..  isno,  p.ini>;  Ixi.,  IM.*!,  p.  IBB).  (3)  Hopi'v-eeylfr 
firat  axtracts  all  wany  innllcn  from  groen  lenvpi  b;  repeatedly  mwhing  thorn 
with  oolil  eilipr,  Lnd  tli>:n  tr«aca  the  heaves  with  Iniling  ahsubite  alciiliol.  AfUr 
the  alcohnlie  iwUitioti  haa  1ic«n  roolpil,  ti^tin  hvMpd,  and  allovnl  to  staiid,  ml- 
diih  eryaljils  <rrylhropliyll)  sejiantte  rmni  it.  Ttiiae  are  red  in  tmnnmlTted.  Init 
green  or  wliitbsh  in  tvdi-r'tHl  liglit.  Ahnr  tlii>ir  wfiarstion  i\\*  nvldii'  of  tliii 
Mliition  ii  eviipormted  to  dryneai  iui>l  a^in  diswilved  in  ellier:  IVom  the  ellior 
'«olatinn,  iipiili  iduw  eva[HirMinii,  granulfa  arc  thrown  down,  whii^h  al«  bniwn 
in  tnniniitteil  and  green  in  rcHei-ted  light.  Tli<w>  KTunnlea  may  be  obtained, 
l>y  ri-iovated  solution  and  by  RimntaneaiiH  evaporatinn  of  the  tnlnlion,  In  tlie 
form  of  vryslata  of  a  high  degrrr  of  pnrity,  whioh  are  railed  by  Hnppe-aoybr 
ublorophyllan  (Zdtuhr.  phya.  Chein.,  iii.  1879,  p.  339),  (4)  In  Onmlnr'i-  { 
emu,  bruiaed  leaves  xn  mixed  with  toMe  hydrali'  ond  ptHMed.  Alter  thia 
residue  of  the  learea  ia  treated  with  alcuhnl  at  hh"  C,  afinin  preued,  iind  tlien 
triHtnl  with  eold  83  per  cent  alpohol,  all  waxy  iiiatleni  Iwlng  left  by  Hik  pro- 
oeM  nndiMtilivd.     Tbe  alcoholic  soluttaii  ia  miiM  with  animal  ohanswil  and 


* 


298 


ASSIMILATION. 


eoliirin^- matte  re  or  leaves :  iTyslalHiii*  8iilisUinc(;a  Iiuvk  Iici?ii  ob- 
tained, onu  of  wliicli.  market]  by  its  liliic  or  MuiBti-gieL-ii  eoloi-, 
uoiituiiis  ulx^ul  11(1!  per  wut  of  nitrogi-n.' 

77j.  Spedi-Din  of  cfalorophjll.  Wlieii  a  rav  of  while  light 
whii-li  liuB  passe<)  llinjiigli  a  col uring- matter,  for  instance,  a  soln- 
tioii  of  onu  or  Ibe  coal-tar  dyva,  r&\  wiue,  or  a  solution  uf  chlo- 
rttpliyll.  is  exaniiiie<i  li,v  means  or  a  B|iectroseo|ie.  {»rtain  dark 
lunds.  known  as  the  absor|itioii-lian<Is,  are  Dbs«rve*:i  at  definit« 
places  in  its  8])et:trnm. 

770,  For  cniivenien<!e  in  esaittiiiing  the  spectra  of  fiiiiiill 
aiiiuuHtaof  coloring-matterB,  a  direct- vUion  speoli'oscope  attat'he<l 
to  the  tube  or  ji  iiiioroscope  is  omplojed,  and  the  folorinfi-malter 
in  question  is  jiloeeil  in  a  flat-tvallcd  bottle  or  a  glass  celt  on  the 
stage  of  the  microscope.  The  ray  of  light  wliidi  is  n'flecleri 
trom  the  mim>i'  under  ihe  sti^e  passes  first  through  ihi'  colored 
matter,  next  through  the  objeotive,  and  lastly  through  the  prisms 
whieh  compose  the  microspectroacopiL-  attachment  to  the  tube. 

777.  lu  ortler  to  compare  the  spectra  of  difTerent  substances, 
a  second  prism  or  set  of  prism!)  is  ollcn  used,  by  wijich  the  speo- 
trum  of  a  second  lii^nid  can  \>e  projected  by  the  side  of  that  uf 

allnwcil  to  tUiiiU  for  Kve  lUya  ;  all  the  cliloruiiliyll  |iiuinaiil  i*  tlius  iviiuiTcd  [ly 
the  clmrnwl.  Aluohol  iil  6G  jmt  ocul  ttrcngth  exirauts  fmru  the  coitl  a  yellinr 
eryatallituhlD  milHtsiice,  while  other  or  Iwnriae  iliraolvvt  out  rantler  which, 
ii|iuii  en{niitiiiiii  nf  th«  mlution,  yiclda  pun  chlotvphyll  pigmnnt  (L'ompta 
Ri'tidus,  hxiix.,  18711,  ikSSl).  By  thntUTlion  of  iiKliiini  on  ii  bmidiie  Hiiliitton 
of  the  colcirjng-matu-r  of  PriiimU  or  of  Atlium,  It.  ShvIism-  Uas  obluiKs]  two 
volomi  luiuarai.  Oiii'  nt  tlieu  is  fi;meii.  snlii]  nt  unlinary  tonpumtam,  in- 
*oluble  in  purr  water,  sdIuIiIb  in  a  dilute  alkali,  niiij  aim  in  ah-oLul  anil  other; 
the  nUicr,  yellow,  bricth',  cnitnhhng  into  aii  iitant(e  Tna^s.  soluble  tn  the  Mine 
liquiilr,  lu  Ihe  tint.  Ilvsiileg  thtw  two  coloring  siibittiuiceB  hv  foiiiiil  alw  » 
glucodile  (that  is,  a  hoily  irhidi  UDitor  i<ertaio  Fonditiuns  ran  1)r  ^|>lit  Into 
Boniv  nun  of  llin  Biigars  and  another  suhstcDcn  nhfcb  b  capable  of  further 
rJunftei).  Both  of  thi-  colored  iiiHRsn  chti  hv  nmilily  bniken  up  juto  wrenl 
iliiruivni  Hilortng'niatten.  The  matti-rB  ohUiined  hy  this  proii-sa  from  the 
green  ninss  ilifler  froui  tliose  (ilitwned  fnim  tlie  ynllow,  in  containing  about 
tlirM  tn  five  per  eent  of  nitrogen,  while  thou  from  Ibe  yellow  vouluiii  noD« 
<.t  all. 

I  The  trrecn  eryrtals  obtuhied  by  the  eTnpnnilion  of  a  imrificd  aototion  ol 
chlorophyll  in  «1po1io1  are  mllwi  chlotnphylUn  by  Hoppc-Seylcr,  nod  cbloro- 
phyll  by  Gaatior.     Tbi'ir  alialyHia  reveals  tile  following  cainiiDaition :  — 
n<)|>|>e-3eytar.  OauUer. 
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010  first.  The  spectra  or  diloropliyll  solutions  froiu  two difTerciit 
sources  L-aii  thus  be  ut  ouvc  emupareil.  Oiii!  of  the  coinbinutiniis 
can  also  \>c  eiii)>]nycd  to  projeut  the  solar  s|M'etrum  (uiicliaiiged 
by  passing  tluougb  any  color  whatever),  and  its  constuiit  lines 
( Fmunhufur's  lines)  can  be  used  for  the  dctcrminatiuu  of  |K?si- 
tion  of  the  bands  seen  iu  the  epcctruin  of  the  liquid  by  its  side. 

778.  The  st>ectra  of  many  substaiices,  among  whieh  chloro- 
phyll occupies  a  prominent  place,  have  absorption- bands  of  such 
constancy  in  position  and  appearance  that  they  are  justly  regarded 
as  characteristic. 

779.  The  speLtrmn  of  an  alcoholic  solution  of  chloropliyll  liaa 
been  shown  to  be  cssentiiilly  the  saino  as  tliat  of  tlic  chlorophyll 
granule  itself.  In  order,  however,  to  obtain  all  the  absoqition- 
bands  characteristic  of  chlorophyll,  it  is  necessary  to  examine 
successively  solutions  of  diiTerent  degrees  of  strength,  some  of 
the  bands  a|j]>eariMg  only  in  dilute  and  others  only  In  strong 
solutions.  For  cv^mparison,  absorption  ajiecira  obtained  fiom 
different  sources  are  here  given. 
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Fio  ISO.  Spoci™  of  chlornpliyll.  The  q|»per  flKors  fhow*  thnpeclrum  nf  ma  iilop- 
holla  lolatlun  of  msdlnin  concentntlaD,  ttliila  Um  iiilildLa  Ognri-  g1v«  mil  Um  nbunrpllaa- 
bUHlloTchlonilibrll;  IhuHon  llw  riglil  u  ihawn  cml;  In  <niiite  iiuiiilloD*.    The  I 
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'xiK  The  flaarroMiice  of  cJiloropbjU  pigment  is  K'st  shown  by 
all-iwiog  rays  or  ligbt.  tim<k-  L-oiivt-rgL-nL  by  iMSHiiig  tl)r»ugli  » 
double  couvcs  k-iii«.  to  f:ill  iii>oii  tlic  ^iirfuiLi!  or  Mi<U  of  a  strong 
alcoliolic  solutiou  of  cliluro|)li>  U.  The  i-olor  at  ihe  focaa  of  the 
liioa  irill  then  appear  blood  red,  Imt  i>y  iransmitted  light  the  eaine 
solution  Kill  a|)[>ear  dark  green.  Bv  fluoresceni-e  is  meant  ihc 
property  possesaeil  by  certain  sul>slaiifes  of  diminishing  the  re- 
rVangibility  of  some  rays  of  ligbt;  in  the  case  of  chlorophyll  all 
tbe  rays  towards  the  violet  end  of  the  S|XK;triiin  me  made  to 
conform  In  refrangibility  to  those  near  the  re<i.  A  bright  solar 
spGCtrum'  cast  npon  the  side  of  a  flat  vessel  containing  a  solu- 
tion of  ohlorophyll  appeara  much  like  a  stripe  ijf  dull  reil :  in 
this  red  stri|M7  are  bands  corresponding  in  their  position  to  the 
absorption- bands  of  chlorophyll.  If  the  blood-ral  color  produced 
by  a  strong  light  falling  on  the  surface  of  a  concentrated  solu- 
tion of  chlorophyll  is  examiued  tlirough  n  spectroscoijc.  only 
red  rays  having  the  same  degree  of  refrangibility  as  those  of 
the  deep  absorplion<bnn<I  of  the  chlorophyll  spectrum  cume  to 
the  eye. 

'  781.  Plants  witbont  chlorophjU.  If  whole  plants  (certain 
parasites  and  saprophytes,  for  example.  Monotropa)  are  either 
white  or  slightly  tawny  throughout,  it  is  owing  to  a  complete  or 
partial  absence  of  chloiophyll ;  hut  in  some  instances  such  plants 
may  impart  to  alcohol,  in  wbidi  tliey  arc  imtnersed,  a  decided 
tinge.  fVequently  blue. 

782.  "Coloreil"  plants.  When  leaves  or  stems  linve  some 
color  otlier  than  green,  they  are  said  to  he  colored;  if  two  or 
morf  dilTcrent  colors  are  intermingled  the  parts  are  variegated. 

783.  In  the  case  of  healthy  lenws  exposed  to  light,  white 
spots,  streaks,  etc.,  are  generally,  if  not  always,  cbarncterized 
by  an  absence  of  ohloi-ophyll.  Sneh  spots  have  relations  to  their 
surroundings  which  are  different  lYom  those  of  the  contiguous 
green  parts ;  they  do  not  have  the  power  of  assimilating  in- 
organic matters. 

784.  In  plants,  the  paleness  of  colors  verging  upon  green  or 
blue  (for  example,  those  in  many  kinilR  of  cabbage)  sometimes 
depends  wholly  on  the  existence  upon  Ihe  surface  of  the  part,  of  a 
great  amount  of  the  waxy  matters  known  wllectivcly  as  bloom 
(see  S26).    The  tissnes  beneath  the  surface  may  be  vivid  green. 

785.  Red  and  yellow  colors  of  healthy  and  vigorous  leaves  are 
usually  due  to  the  presence  in  the  cells  (often  merely  those  of 

>  Higeaboch:  Amulen  der  Pliyiik  Dnd  Cbemic^  cxlL,  1870,  p.  8U. 
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e  epidermia)  of  ooloird  c-«U-sap.  This  is  sometime!)  in  anch 
Isrgc  amount  aa  to  mask  com|jletcly  the  greeu  granules  which 
aru  MHitutried  in  tho  same  cells. 

7811.  In  thu  Floridoie  (rose-red  marino  algi£)  tlie  cblorophyll 
is  masked  hy  tho  presence  or  a  reUdiali  coloring- matter  which  is 
easily  extracted  by  pure  water.  This  redilisli  pigment  is  called 
phycrourythriiie.  In  sulntioii  it  is  carmine-red  liy  transmitted, 
and  orange  l)y  rcflectod  liglit.  Anali^us  pigments  exti-acted 
by  water  from  aJgie  of  colors  other  than  red  have  received 
tlie  following  names,  —  pliycopha>inc  (brownish),  phycocyanine 
(bluish),  phycoxantbinc  (ycIiowUh-brown). 

When  these  coloring- matters  have  been  extracted  by  cold 
water,  the  clilorophyll  is  le!l  unchanged  in  the  plant,  and  it 
Uieu  impaits  to  the  thallus  its  cbaraoteri:itic  green  color.  Owing 
to  the  nearly  complete  insolubility  of  these  reddish  pigments  in 
alcohol,  and  the  complete  solubility  of  tho  chlorophyll  pigment 
in  that  liquid,  a  green  color  is  given  at  once  to  alcohol  when  an 
alga  is  immci-sed  then'in. 

7H7.  Colored  Ijoilies.  not  readily,  if  indeed  at  all,  distinguish- 
able from  ordinary  crystalloids  (»ee  177).  are  found  in  many 
algie.  In  some  eases  these  colored  granules  of  crystalline  form 
occur  normally  in  the  living  plant;  in  othere  they  arise  ftora 
changes  produced  by  tlie  action  of  rcngenta  u|M>n  the  matters  of 
tlie  cells.  The  name  rhodospermin,  given  by  Cramer  to  the 
granules  having  the  latter  origin,  has  been  adopted  by  Klein  in 
an  extended  memoir. 

7H8.  Etiolation.  Green  plants  placed  in  darkness  soon  turn 
pale  and  lieeome  blanched  or  elialatcd.  The  chlorophyll  gran- 
(lies  change  their  color,  and  Anally  appear  to  become  met^ed, 
with  more  or  less  change  of  form,  in  the  iirotoplasmic  mass, 
from  which  they  are  then  no  longer  easily  distinguishable.  Etio- 
latwl  plauts  when  exjKMed  to  light  recover  their  color  only  when 
the  tem[>erature  is  above  a  certain  [Kiint.  The  action  of  light  in 
lestoring  color  is,  moreover,  local,  being  confined  to  the  part  of 
the  plant  which  is  exposed  to  its  influence.  It  may  be  here 
noted  that  some  plants  are  not  etiolated  until  after  long  expos- 
ure to  darkness  :  Urns  the  older  purts  of  Cactus  speciosus,  kept 
ill  the  dark,  remaiiie<l  green  for  three  months,  but  the  new  shoots 
were  etiolat«d.  SelaginelU  remained  green  from  four  to  five 
months.' 


'  SncliH :  llnudbiir'h  lUr  Exporinwotal-plij'iiolope,  18S5;  also  BoUiiiHclic 
Zdtung,  not,  and  Flon,  18(13. 
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789.  An  alcoholic  solution  of  t  hlumphvll  iiiiilcrgoes  very  lillie 
if  any  cliangc  when  kept  in  Uie  dark ;  Imt  even  a  short  es|>o8urc 
to  stroll);  light  destroys  its  gre^n  color,  aud  leaves  tlie  liquid 
jiate  t'rowii,  or  nearly  colorless,  Wlien.  howe^'er,  strong  siin- 
liglit  itasaes  tlirougli  a  solution  of  clilui'Ophyll  before  it  renL-bcs  a 
second  n'ceptacle  filled  with  the  same  liquid,  the  first  solution 
protet^t  the  second  for  a  considerable  time ;  and  only  after  the 
first  has  lost  a  portion  of  its  green  color  fan  the  seeoud  be  also 
a<Tted  itjran. 

790.  .Sachs '  has  i)oint4.-d  out  the  interesting  fact  that  green 
leaves,  especially  those  of  delicate  textare,  liecome  palur  when 
ex]>oscd  to  a  very  bright  light,  and  resnnie  their  deep  greeu 
color  irbeii  again  subjected  to  a  less  intense  light.  If  one  leaf 
is  partially  shaded  by  anotlier,  tlie  shaded  leaf  presen-es  its  nor- 
mal deep  green  color,  while  the  leaf  ex|>osed  to  the  light  grows 
distinctly  paler.  This  effect,  due  probably  to  a  change  of  posi- 
tion of  the  chlorophyll  grains,  can  be  shown  ex |ieri  mentally 
in  the  following  manner:   Fasten  closely  to  a  green  leaf,  still 


>  B«r.  liher  Air  Vcrhandlungi'n  (Mntli.  PtivR.  Clnwip)  rler  Biirhfluchen  Gr- 

MLliicb.  xi..  18.19,  22a  ;  ind  also  In  Eii-riniwiUl-pliysi'iloEie,  isiij. 

Fin.  IGI.  TliE  n|>p«  ipiictrnm  In  that  of  the  yellow  cnnatdoent  oT  chlomgilij'n  tram 
■■cntilit  amtirii-,  Uw  lowat,  diat  at  tbe  «riorlni-ni>ll«r  of  etlolalal  b*rla;,  In  ililutt      .- 
Mlutlua.    {Kntntl  4 
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oonnccl«d  to  its  |)lanl.  a  narruw  fitri|»  of  llfsibli-  lead  or  tin  foil, 
and  expose  tlie  leaf  tu  liriglil  siinligbt.  AfUr  a  quarter  or  linlf  an 
hour  remove  tUe  aliiii.  niul  itie  spul  wliidi  has  l>c«n  kept  .sUniled 
l>v  it  will  l)L'  seen  U>  >ie  distinctly  deeper  in  eolur  tliun  tUc  part 
wliieh  has  been  exposed  to  tUe  sun's  rays. 

7'JI.  f'hloroaiSt  or  blanebiug  of  plants  ttvm  laek  uf  iron. 
Altbough  iron  has  not  licen  detected  as  a  c-onstaiit  eom|K)iient 
of  the  ])ure  [itgincnt  of  chlorophyll,  this  ekuent  has  tieeu  shown 
ill  many  wajs,  especially  by  wat*;r-culturc,  to  Iw  essential  to 
the  gi-ecn  color  and  even  to  the  normal  formation  of  the 
granules.  When  a  seedling  of  Indian  corn  is  grovrn  with 
its  roots  abunilantly  supplied  with  n  nutrient  solution  from 
which  ail  salts  of  iron  are  absent,  and  it  has  all  other  condi- 
tions favorable  to  rapid  and  healthy  dcveloptnent,  the  leases 
are  pale  yellow,  or  even  whitish,  nnd  the  whole  plant  sooner 
or  later  appi-ai-a  sickly  nod  ill- nourished.  When,  however,  a 
salt  of  iron  is  supplied  to  the  nutvii-nt  ]ii|nid,  a  normal  green 
(^fliir  is  at  onof  imparted  to  the  leaves  and  tlio  plant  becomes 
healthy  and  vigorous.  The  etlfcct  of  the  local  application  of  a 
salt  of  iron  is  thus  descrilicd:  When  a  weak  Bolutiim  of  ferric 
cliloi'ide,  ferric  nitrate,  or  ferrous  sutj)hatc  is  ajiplied  to  a  leaf 
blanched  by  want  of  iron,  the  part  moistened  assumes  a  iior- 
nnil  green  color  in  a  few  days,  anil  siimetimcs  in  a  much  shorter 
period.  Neither  cobalt  nor  nickel  salts  have  similar  i-elatione 
to  chlorophyll.' 

7'J2.  Autamnal  rbon^'w  i»  color.  The  leaver  nf  mnny  decidu- 
ous plants  undergo  duuigcs  of  color  at  some  period  iwfore  they 
fall.  In  not  a  few  instances  theae  changes  occur  earlj-  in  the 
season  after  (hll  development  of  the  leaf;  for  example,  duiing 
the  first  dayii  of  summer  it  is  not  unusual  to  find  on  the  swamp 
maple  bright  i-c<l  and  yellow  leaves.  The  colors,  however,  Iw- 
comc  most  striking  in  temperate  climates  at  the  approach  of 
autumn. 

The  change  of  color  in  nutnmn  leaves  is  due  to  ehunges  wliii-h 
lake  place  in  the  chlorophyll  pigment.  This  breaks  up  iulo 
various  matters  of  unknown  composition,  but  classed  in  a  gen- 
eral Ma\  with  the  erithrophyll  (the  rcd<liBh  coloring- mattvr)  and 
saiithophyll  (the  yellowish),  obtainable  arUlicially  from  chloro- 
phyll. Companion  of  the  six-ctra  of  these  substances  exhibits 
certain  very  striking  features  of  similarity. 
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7!)^.  'rtics<^  antiimnal  ohaogea  bavc  been  compared,  not  in- 
aptly', til  those  beluiigiiig  t«  llie  ri|>euing  [u-oceBs  in  colored  li-uits ; 
but  lliis  general  slateuionl  of  nimilarily  must  not  disguise  the 
ftict  that  ill  tile  riiieiiing  of  ftuit«  specinl  fhronio|ilastid8  plaj  tlie 
chief  part,  wLei-eas  in  the  leaf  l>efori!  its  ThII  there  is  a  breaking 
up  of  tlie  protoplasmic  basis  of  the  grannies  of  clilorophyll,*  pre- 
pai-alory  to  tbt^  withdrawal  from  the  leaves  into  the  plant  of  tlie 
useful  products  of  disintegration. 

The  changes  during  disintegration  may  involve  (1)  botli  color 
and  form  ul'  the  granules  at  one  and  the  same  time,  or  (2)  the 
change  in  color  may  prewde  that  in  form,  or  (3)  the  ia^'r  may 
iH'Our  first. 

7^4.  In  (fcneral.  the  nxldisli  coloring- matters  are  found  in  the 
vell-sap  of  the  colored  leaves,  the  yellow  in  the  snbstnnct  of  the 
disintvgraUng  grain,  mid,  liiially.  the  bi-owu  in  the  mwlitied 
character  of  the  ccll-wnll  itself. 

705.  That  frost  is  not  essential  to  the  prodactiou  of  the  leaf- 
colors  of  aiitdmn  is  plain  from  the  widely  known  fact  tbal  many 
Icavps  iindei^i  prei-isely  lliese  changes  of  color  long  before  any 
fVosts  Bpiiear.  It  is  generally  believed,  however,  that  freezing 
inay  suincwiiat  hasten  the  process  of  ch]oro[ihjli  disintegration 
which  underlies  all  the  chaiigoB. 

The  fact  is  generally  recogniKiHl  that  the  autumnal  colors, 
crimson  and  scarlet,  are  more  brilliant  in  the  cooler  jKtrtious  of 
America  than  those  which  characterize  the  foliago  in  Kui-ope, 
and  it  has  eicn  N^en  remarked  that  the  leaves  of  American 
trees  cultivated  in  [ILnro|H-  do  not  undergo  such  marked  changes 
of  color  as  individuals  of  the  same  s|)ecies  do  in  their  native 
habitat.  This  has  been  accounted  for  on  the  ground  that  there 
is  less  himiidity  in  the  ututospherc  of  eastern  America ;  but  this 
explanation  is  not  satisfactory',  and  exact  observations  regarding 
the  relative  brilliancy  of  color  ari'  wholly  wanting. 

7Sf6.  Chl«raphfll  in  ejurgrten  ImTes.  At  the  appi'oach  of 
cold  weather  the  leaves  of  cvciiireens  andergo,  according  to 
Mohl,' certain  changes  of  color.  Kraiia'  recognizes  two  ty|ics 
of  change:  (1  |  the  leaves  become  grceiiisli  brown,  as  in  most 
Conifers,  or  (2J  they  take  on  a  red  color  on  the  up()er  side,  as 
in  Mahonia  and  some  species  of  Sedum.  According  Uj  liim,  in 
leaves  of  the  first  t.vpe  the  chlorophyll  granules  become  disinte- 


'  S*c1i>i:  nio  Knllconinjc  ivr  BUttrr  ini  HhiIw.  Fkim,  180!l.  \:  2l)U, 

'  VDrmbchti-  Sohrilt'^ii.  IStS. 

*  Sitinupb.  der  phys.-mnl.  BocicUt  m  ErUngeo.  1871,  1872. 
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grated  aiid  impart  a  brown  color  to  the  [>a>toplaaiiiio  mass  of  the 
c«lls ;  but  ill  tliti  leuveB  of  the  siiLond  tyiiu  the  color  is  due  to 
a  liigUly  rufractive  rcddisli  or  y<.'l]i>w  mass  ( aiipposod  to  be  tan- 
nin), concealing  from  a  surface  view  tlie  clustered  ohioi-opliyll 
graiinlee  within,  which  retain  their  vivid  hue.  In  all  ciises  of 
evergreen  leaves  the  granules  uf  chlorophyll,  at  the  Iwginning 
uf  the  cold  season,  pass  from  the  walls  to  the  centre  of  the  c«lts, 
and  are  there  aggregated  in  compact  clusters.  Their  normal 
condition  is  restored  in  the  warm  days  of  early  spring. 

7!)7.  Kraus  lias  examined  tlie  changes  in  autumn  in  the  chloro- 
phyll of  Ruscus  aculcatns.  He  finds  that  in  this  plant  some  of  the 
more  superficial  cells  inidrr  the  epidermis  contain  minute  granular 
massifs  of  a  bmnnish  color,  but  no  chlorophyll  granules  are  to 
be  distinct.ly  seen,  and  that  tbu  subjacent  cells  have  more  or  less 
broken-down  granules  which  are  yellowish  or  brownish  green. 
In  the  celU  milking  up  the  more  spongj'  tissues  there  are  a  few 
chlorophyll  gratmlcs  quit^i  intact,  but  there  are  indications  that 
some  othera  liave  been  completely  destroyed  and  their  coloring* 
matter  taken  up  by  the  surrounding  protoplasm,  apparently  in  a 
stnte  of  flolutton, 

798.  It  was  thought  by  Kraus  that  the  winter  change  in  the 
eharacter  of  the  chlorophyll  was  due  to  the  lower  temperature. 
He  hascd  his  views  largely  upon  experiments  with  a  braneb  of 
Buxus  I  Buv)  ;  but  it  has  been  shown  by  Batatin '  and  Askenasy  * 
thnt  light  lias  a  more  iin|tortant  inBuenue  upon  the  chlorophyll 
liian  changes  oftempciaUnv. 

'O'.K  The  raw  niNt^rUls  required  for  assinllationt  ud  their 
roceplton  by  the  ami m Hating  organs.  These  arc  (1)  water  and 
(2)  carbonic  acid.  In  earlier  chapters  it  has  been  shown  in 
what  manner  and  to  what  extent  water  anil  small  traces  of  min- 
eral matters  are  brought  IVoin  the  soil  into  the  plant.  It  is 
now  necessary  to  ascertain  in  what  way  carbonic  acid  enters 
the  organism  and  is  appropriatetl  by  it. 

AbsorpUoD  of  csrtMnic  arid  by  water  plants.  These  can 
absorb  cart>onic  add  sul>statitially  as  the^-  absorb  mineral  salts, 
directly  from  the  water  in  which  they  live.  The  amount  of  car- 
tionic  ncid  found  in  rain  and  other  waters  is  variable,  ranging, 
according  to  tlie  best  authorities,  from  about  one  per  cent  to 
considerably  less  than  one  tenth  of  one  per  cent.  The  amount 
tin  the  free  state  in  natural  waters  in  which  plants  thrive 


800  ASSIMILATION. 

is  sbowQ  in  the  foUovriag  table  (taken  fVoto  the  conipivbt'nsive 
synopsis  in  Watta's  dictionary)  ;  — 

In  eoob  IIIsT  of  mur. 

Looli  Kntriiie  (ScDtlimd] 3 

B>1b  Uko  (Wal«a) ].] 

Wiiue  at  Stnuburg     .     .     .     .     _ 7.6 

Bbone  at  Rpiieva 8.* 

Thsiiics  ul  Kew 50.3 

All  tilt'  free  carbonic  acid  dissolvwl  in  water  can  Ite  cspellfil 
by  boiling.' 

801.  Atworptlon  or  carbonic  u-Iil  b}  land  plants.  These,  wilh 
their  Toliage  expoaed  to  the  air,  ohLaiii  from  that  Bonrce  all  Iheir 
supply  of  carbonic  acid.  No  carbonic  acid  is  taken  up  by  their 
roots  :  *  the  supply  enters  the  plant  through  the  younger  epider- 
mal tissues,  chiefly,  of  course,  that  of  the  leaves.  By  the  process 
of  respiration  within  the  plant  (sec  Chapter  XI.)  a  amull  but  ap- 
preciable aniunnt  of  carbonic  acid  is  produced,  and  a  part  of  this 
is  doubtless  appropriated  directly  by  the  plant  for  Uie  process 
of  assimilation. 

802,  Carbonic  acid  and  other  gases  found  in  the  atmosphere 
sustain  to  vegetable  membranes  certaiu  relations  which   must 


'  Aocording  to  Banarn  (JaLreab.  dor  Chemiv,  I8G3,  p.  317),  one  Tnlumii  u( 
natsr  abanrha  nt  760  mm.  boTomvtric  pressurv,  and  at  tile  tcniiK'mluKS  uuleit, 
the  following  aiiiuunts  of  varioitH  gases  ■  — 

S'XO.  W,8C, 

Nitrogen 02180  vol 0IS15  rot. 

OjcygBn 0*668  " 03258  " 

Carbonic  acid      .     .     1.6184      " 8545     " 

Aocording  to  the  same  aatbority,  thoso  guai  occur  in  rain-water  in  ths  Tot- 
lowing  relativr  proportiona  :  — 

tfo.  KPO.  ao°o 

NitrogeD      .     .     ,     03.20     .     .     .     63.16    .     .     .    63.60 

Oxjgen  ....    33.98    .    .    .    31.05    .    .    .    34.17 

Carbonic  acid  .     .      LSS     ...      8.49    ..     .       S.14 

*  Tl'.is  appears  lo  be  settled  b;  tbe  resnlta  of  eiperimenls  made  by  Holl^ 

(II  wbencarbonicaridissflbnled,  even  in  enceaa,  to  ibuoU,  whose  learu  are  kept 

in  an  atmosphere  free  from  carbouic  aciil,  do  formatioB  of  Btarcli  Ukes  place  : 

(2)  if  aiurh  leavia  ore  in  the  0]wii  oir,  the  fommtiou  of  starch  ti  uot  incniaaHl 

■bove  ita  Domial  rate;  (3)  when  carbooie  ni:id  is  aupplinl  lo  roots  of  plnuta 

whoso  leaves  and  sbools  arc  lippt  in  in  Btmoaphen:  fren  From  carlxinic  ncid,  no 

rarmatLoa  of  starch  takes  plaice.      If  the  Icnvps  and  ahaots  of  surih  pUnta 

nre  in  the  open  air,  theri?  is  no  increase  of  atarr'h  nb<ive  the  normal  amount 

(Arbriten  dea  boL  Init.  in  Whizburg,  1B7S.  p.  113). 
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now  be  presented  in  n  general  manner;  and  some  introductory 
refercDt-c  roust  tto  here  made  to  the  well-kuuwu  pbytiieal  iirupur- 
tiea  or  gases,' 

803.  Diffusion  of  gasM.  When  two  or  more  gases  are  brought 
into  coiitaut,  spontaneous  interniisture  takes  plutx.  This  pro- 
eesB  of  (lilfiisiou,  as  it  is  calle«l.  goes  oil  even  when  the  gases 
are  ver3'  different  in  specifie  gravitj-.  and  wlien  tliej-  are  kept 
externally  at  perfect  rest.  Thus  if  a  jar  of  carbonic  aeiil  l>c 
placed  in  connection  witli  a  Jur  of  oxygen,  the  two  gases,  after 
a  while,  will  become  unifuriul.v  commingled. 

Similar  commingling  of  ga,scs  also  takes  place  through  per- 
meable substances,  such  as  thin  plates  of  unglazed  jioreelain, 
graphite,  films  of  niembrane.  etc. 

HOi.  UitTerent  gases  diffuse  through  a  given  membrane  in 
different  times.  The  rates  of  dilflision  of  dillerent  gases  at  the 
same  ieni|wrature  aurt  barometric  pressure  have  been  shown  by 
Graham  to  differ  nearly  in  the  inverse  ratio  of  the  s({uare  root« 
of  their  densities,  thus :  — 

!ut«'>r-nfi'ii>'rn<i  ■ 

KuDsoTpL  (lb- bdng  uikrii  ii«  unity).  t'Detudty. 

Uydrogsn 3.83 3.7S  uearlj 

Carbonic  oxide     .     .     .     l.DI  ueiirly   .     .     .  1.01      " 

Nilrogijp     ....     1.01      •'        ...  1.01      •' 

Oivgcn 95     "        ...      .95      " 

C^hoiiin  ncid 81     ■'        ...      .81      " 


'  ilmliviii,  •hii  iiinile  a  iMn>rii1  stuily  of  l.lm  1»wb  which  govern  gnsraUB  itif- 
fnsion,  hu  given  Chi'  following  clear  account  of  the  {ihyiical  hypotli«i<,  which 
is  DOW  gcnarnllj  rracived  :  "  A  gut  ia  re)irt3eiiliHl  *a  cnnniiting  of  anliil  Mid 
IwriMtly  elastic  tplirricnl  particli'i  which  iiioTc  in  all  din-ctioiu,  uid  are  ui- 
mattd  with  dilTi-rent  degi-era  of  vclouily  in  ditfvrent  gnaee.  Confined  in  « 
lael,  the  ninving  gmrticlra  are  t'otisbintly  impinging  againat  itn  aides  and  oc- 
ouionally  sgninst  each  other,  and  thii  contact  takca  jilace  withont  inj  Ion  of 
roolion  owing  to  the  porfect  elnitjcity  nf  thu  partictea.  If  the  conlaining 
isel  be  porou's  then  gu  is  projected  through  the  open  chanuela,  li;  the 
Motion  dcMTibct),  ami  eucapea.  Siniultaueoual;  tlie  oxtenial  air  ia  ouried 
inwanhi  in  the  same  ninnner  and  takes  the  jilaoe  of  the  gas  nhii-li  leaves  Ulo 
To  this  mole<nilar  movenuul  ia  doe  the  elastic  force,  with  the  power 
>t  compmuioii,  po.tseaied  by  gues.  The  molecnlnr  movement  ia  ac«ler- 
iled  by  h«t  and  relnnled  hj  eold,  the  tenwon  of  the  gas  being  incmwed  in  ibe 
a  and  diniiniihed  in  the  second.  Even  when  the  same  gas  ia 
present  both  without  und  witlun  the  vessel,  or  is  in  contact  with  both  sidua 
of  nur  poroiiH  plutc,  the  movement  is  sustained  iritbout  abalenient  —  moln^ulrs 
i-ontiuuing  to  enter  ami  leave  iIip  vetsA  in  o<junl  number,  sllhough  nothing 
ot  (fan  kl  •«!  l^v  ■.•h.iag,'  of  voliuDB  or  othetwiw.     If  the  gases  in 

ilt,  but   [niueai  sensibly  the  aine  (|iecjlii:  gtavit; 
and  nN  -itrogen  and  carbonio  onde  do,  an  interchange  U 
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80S.    Tlic  movements  of  E 


Tithin 


the  plant  are  of  two 


hinds.  (1)  molecular  (see  note  on  the  j)revious  page),  and  (2) 
"  the  movement  of  the  whole  mass  de[X'niiiii(;  excluaively  on 
expRiiaive  force."  These  are  generally  conjoined  in  the  passage 
af  gases  through  the  plant. 

>HiG.  Pa«.sa^  of  gases  throogh  epiilerniiii  free  froiii  stomala. 
Tbc  assJDiilating  apparatus  iu  ordinary  land  plants  consists  of 
parenchyma  celb  frequently  so  looselj-  cuiijoiued  as  to  have  very 
eonapieaous  intercellular  passages,  wliicli  coinuiunicate  with  sto- 
niata  either  direetly  or  indireialy.  All  uf  ihese  parenchyma  cells 
bave  walltt  of  cellulose  generally  without  any  in)])regnation  of 
foreign  matter.  But  the  peripheral  cells  which  bound  the  whole 
as  epidermis  projwr  are  cutiuizcd  on  their  exlernnl  aspect,  and 
must  possess  relations  to  gases  different  from  those  pivsented  by 
common  parenchyma  with  umnliltrat«d  walls. 

807.  Through  onlinary  cell-walla,  tlial  is,  those  wliicb  are  com- 
posed of  nearly  pure  oellulosc.  water  passes  and  gases  dilHise 
witli  facility.  But  as  cutinized  cvLl-walls,  like  those  of  the  epi- 
dermis of  leaves,  are  nearly  iiiiper\'iou8  to  water  and  t«  aqueous 
vapor,  it  would  at  first  eight  ap|>ear  unlikely  that  gases  could 
miiko  their  way  tlirough  them  ;  such,  however,  is  n(>t  the  case, 
Ksi>eriroeiits  upon  epidermal  tissnes  free  fVom  stoniala  show 
that  under  ordinary  circumstances  gases  can  dilflist;  through 
cutinized  walls. 

Thus  N.  J.  C.  MUller'  used  the  epidermis  of  the  leaves  of 
Iltemandius  punit^ua  in  three  scries  of  experiments  ujAJn  the 
ditfiision  of  ditferent  gases.  The  membrane  employed  was,  in 
the  first  aeries,  two  lilms  of  epidermis  with  a  layer  of  water  be- 
tween them ;  in  tbe  second,  two  moist  films  without  any  layer 
of  water ;  iu  the  thii-d,  two  films  Joined  together  and  then  eare- 
fidly  dried  in  an  exsiccator  at  40°  C.  The  method  used  by 
Milller  is  open  in  some  of  its  details  to  criticism,  but  in  a  general 
way  the  results  are  instructive.  The  following  are  the  mean 
ratios  indicating  the  rate  of  diffusion  obtained :  — 


([idIwiiIm  kIko  tnkes  place  without  any  change  in  vohiRifl.    Witli  i^scs  opposed 
of  iiufciual  deurity  Bnil  molrcular  vslodty,  tbo  permeation  peii«mi,  of  courie,  to 
be  ei|iml  111  hafh  direction*  "  (Pliilosojiliical  Trmuctioni^  1888). 
I  PriTip.lieira»  Jabrb.,  1869,  p.  IflS. 
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808.  ExperimenU  ti_v  a  wliolly  differt-iit  iucthu«l  were  con- 
ducted l>v  lluiissingault,'  u|)on  leaves  of  OlcsDdei'.  hy  a  leaf 
having  an  upper  siirlaL*  of  37.2  eqiuire  ei'iiti meters  tree  from 
Hlomata,  and  eompU't^^^ly  clustil  on  tUe  uiiikr  side  by  tallow, 
17.5  cubic  centimeters  of  eaibonic  acid  were  absorbed  in  a  given 
time. 

In  anottier  aeries  of  experiments  Unui^singunlt  fastened  tliu 
under  BiirfHues  of  two  leaves  closely  together  by  means  of  paste. 
BO  that  only  the  upper  suifaces  (free  from  stomata)  were  exposed 
to  the  air ;  with  these  leaves  nearly  the  same  resulte  were  ob- 
taineit  as  in  the  Urst  scries. 

AOD.  Pusage  of  kmmm  through  stomata.  Stomata  (see  Figs. 
52  and  51)  are  practically  minute  npei-tiires  in  thin  plateA,  and 
under  unlinary  eirenmstances  there  is  no  obstruction  to  the 
ready  passage  of  gases  through  them  IVora  the  surroundings  into 
the  interior  of  the  plant.  The  changing  pressure  caused  by  agi- 
tation of  the  foliage  e.terts.  as  it  docs  in  aqueous  transpiration, 
nn  important  influence  in  facilitating  this  passage. 

810.  Murget'  holds  that  it  ia  chiefly  through  stoniala  that 
the  interchange  of  gases  with  the  outer  air  takes  place  in  the 
plant ;  but.  on  the  other  baml,  it  is  cliumed  by  Baithelcmy '  that 
tlicy  i>Uiy  only  a  vnry  subordinate  part  There  can  be  little 
doubt  tliat  the  earlier  view  advanced  and  illustrated  by  Du- 
troeliet.'  and  further  by  Garreau.*  is  substantially  correct ;  namely, 
that  gases  enter  and  escape  from  the  plant  freelj-  both  by  diffu- 
sion throngli  the  eiiticulnrized  cell-walU  of  the  epidennis  and 
by  passage  through  the  stomata. 

81 1 .  Atmoopliertc  air  is  chieHy  a  mixture  of  two  gases,  oxjgeii 
and  nitrogen.  The  projionions  in  which  these  substances  and 
others,  occurring  in  much  smaller  amounts,  are  found  in  dry  air 
are  usually  stated  as  follows  :  — 

Proporiloin  by  lolnme  Pni|iorUuii»  by  welglit 

Nilrogi'n ,     ,     79.0198*  78.8399 

Oiyjjpn 20.»4(KW  23. 1(MK) 

Carbonic  M-H     ...._.         .04000  .OflOO 

AnmionU O00l<(  .0001 

lUO.  lOO. 


mi.-,  IT..  18«B,  p,  37t. 

:,  l^mliiK.  Unxiv.,  1S77,  i>.  37«. 

.  ■-  S.:  mil.  Iwt,.  B^r,  5,  tonio  xix..  1874.  p.  ISl. 

r■^  3e.  nal..  Intin  XXV.,  1832.  |i.  SIS. 

iu>  Su.  tut  bat.,  (jr.  S,  totne*  sv.,  zrt. 
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The  fii*st  two  substances  occur  in  very  nearly  the  same  pro- 
portions in  free  atmospheric  air  wherever  found, ^  but  the  amounts 
of  the  last  two  varv  within  narrow  limits. 

Ik'sides  the  foregoing  substances,  the  following  are  also  men- 
tioned as  having  been  found  in  dry  air  in  minute  traces :  Nitric 
acid,  nitrous  acid,  ozone,  marsh  gas,  carlx)nic  oxide,  sulphurous, 
sulphydric,  and  hydrochloric  acids,  and  hydrogen. 

812.  Under  oixiinary  circumstances  the  proportion  of  car- 
l)onic  acid  in  the  atmosphere  does  not  increase  much  beyond  the 
amount  stated  above,  namelv,  four  one-hundredths,  or  one  twentv- 
fifth  of  one  per  cent.-  Pettenkofer  assigns  one  twentieth  of  one 
l)er  cent  as  the  amount  in  the  air  of  Munich  (1,690  feet  alwve 
the  level  of  the  sea) . 

In  confined  spaces,  however,  the  accumulation  of  carl)onic 
acid  (once  known  by  tlie  significant  term  fij'eti  nir)  may  be- 
come so  great  as  to  render  the  air  irrespirable.  It  was  the  con- 
sideration of  the  question  how  such  air  could  Ik?  iigaiu  rendered 
fit  for  respiration  that  led  to  the  first  successful*  investigation  of 
the  action  of  plants  upon  the  atmosphere. 

813.  The  amount  of  carl)onic  acid  found  in  onlinarv  water 
which  has  been  exposed  for  a  time  to  the  air  is  sufficient  for  the 
supply  of  this  gas  to  water  plants.  The  percentage  of  tiie  gas 
in  the  atmosphere  under  ordinary  conditions  is  ample  for  all  the 
needs  of  land  plants.  The  consideration  of  the  etfect  of  supply- 
ing a  larger  amount  than  usual  of  tliis  gas  to  water  and  land 
plants,  in  order  thereby  to  influence  the  activity  of  the  assimila- 
tive process,  must  Ikj  deferred  until  all  the  conditions  essential 
to  assimilation  have  haaw  considei-ed  ;  but  it  may  be  said,  in 
passing,  that  anv  large  excess  of  carbonic  acid  over  the  supply 
furnished  to  plants  in  nature  diminishes  assimilative  activity. 

1  For  a  very  iiistractive  summarv  <»f  results  of  the  exaini nation  of  the  air 
in  (lifTerent  lo<*alitiej4,  the  reailer  shouM  eonsult  **  Air  and  TJain,  the  liegin- 
nings  of  a  rheiuioal  Climatology,"  by  R.  Angus  Smith  (Fiondon.  1872). 

'  Angus  Smith  gives  the  followhig  results  of  his  examination  in  1864  (»f  the 

air  of  Manchester,  Kngland  :  — 

Per  cent  of  CO,  in  atinosphero. 

In  t lie  streets,  usual  weather 04<»3 

During  fogs 0H79 

Whrre  the  fndds  Wgin 0309 

In  chise  ImiMings 1604 

Minimum  amount  found  in  ^uhurhs .0*291 

8«'e  also  Ann.  <le  Cliimie  et  de  Physifjne,  1883,  for  n*j>orts  or.  Ww  amount  of 
CO,  in  the  atmospln-re  of  ditFercnt  looalities. 
»  See  the  historical  sketeh,  pp.  :i23,  324. 


Practical  stadf  of  usslmiUtloii.  Berore  cxumiiiing  the 
reiuaintDg  cunditions  of  assimilation,  a  simple  L-x|)erimei]t  is  here 
ileBuribed  by  which  the  reader  can  stuilj  ill  Uieir  projwr  relalioiia 
all  the  essential  couditioua  of  the  process,  and  tijus  obuiin  a 
clearer  idea  of  the  moans  by  which  the  activity  of  ussimilnlioii 
is  measured  aud  the  indispensable  diameter  of  the  conditions 
establislied. 

Kill  a  live-iituh  test-tube,  pi'ovidcd  with  a  foot,  with  (Vesli  driak- 
lug  wat«r.  In  this  plaue  a  sprig  of  one  of  the  following  water 
plants,  —  Aiiaeharis  Canadensis,  Myriophvllum  spieatum,  M. 
verticilialum,  or  any  leafy  Myriopliyllnin  (in  fuel,  any  small- 
leavdl  water  plant  witli  rather  i/i-uwded  foliage).  Tliia  sprig 
shnuld  lie  prepared  as  follows  :  Cut  the  stem  squarely  olf,  four 
tnebca  or  so  from  the  tip,  dry  the  cut  surface  quickly  with 
blotting-pniier,  tlien  cover  lUe  end  of  the  Stem  with  a  quickly 
drying  varnish,  for  instance  asphalt- varnish  (see  115),  and  lot 
it  dry  perfectly,  keeping  the  rest  of  tlie  stem  if  iwssiblc  moist  by 
means  of  a  wet  cloth.  When  tlio  varnish  is  dry,  puncture  it  by 
A  needle,  and  immerse  the  stem  in  the  water  in  the  test-tube, 
keeping  tlie  varnished  larger  end  uppermost,  IF  the  snbinei^ed 
plant  he  now  esposetl  to  the  strong  rays  of  the  sun,  Imbbles  of 
oxygen  gas  will  liegin  to  pass  off  at  an  even  and  rapid  rate,  but 
not  too  fast  to  bo  easily  counted.  If  the  simple  apparatus  has 
begun  to  give  off  a  regular  snecesstun  of  small  hubbies,  the  fol- 
lowing experiments  can  be  at  once  conducted. 

(1)  Substitute  for  the  fVesh  water  some  which  has  been  boiled 
a  few  minutes  Iwfore,  and  then  allowed  to  completely  cool :  by 
tho  lioiliiig,  all  the  cArlionic  add  has  been  expelled.  If  tbo  plant 
Is  immei-sed  in  tins  water  and  ex^wsed  to  the  sun's  rays,  no  bnh- 
liles  will  be  evolved ;  there  is  no  carbonic  acid  within  reach  of 
the  plant  for  the  assimilative  process,     But, 

(2)  If  breath  from  the  lungs  be  passed  by  means  of  a  slender 
glaaa  tube  through  the  water,  a  part  of  the  carbonic  acid  exhaled 
(him  tlio  lungs  wiU  be  dissolved  in  it,  and  with  this  supply  ot 
the  gas  the  plant  begins  the  work  of  aasirailation  immediatch'. 

(3)  If  the  light  be  shut  off,  the  evolution  of  bubbles  will  pres- 
ently cease,  being  resumed  soon  after  light  again  has  access  tu 
the  plant. 

(4)  If  glass  of  different  colors  be  interposed  in  the  path  of  the 
sun's  rnys,  it  will  lie  shortly  seen  that  orange  light  differs  fWira 
violet  light  in  its  cffecis  ujwn  the  rat«  of  the  ovohition  of  the 
bubliles. 

(5)  Place  aronnd  the  base  of  the  test-tube  a  few  fragmenU  of 


306 


ASSIMILATION. 


ice,  iu  order  to  appreciably  lower  the  temperature  of  the  water. 
At  n  certain  point  it  will  l>c  oltscrved  that  no  bubbles  are  given 
off,  and  their  evolution  doea  not  begin  again  until  the  water  be- 
comes warm. 

(S)  Examine,  at  the  elosoof  the  seiiea  or  simple  experiments, 
some  of  lite  leaves  with  iodine  solution.  Tor  the  detection  of 
starch.  Even  with  ho  precaution  the  chloTO|)hjll  granules  will 
reveal  the  presence  of  a  considerable  amount  of  the  Brat  visible 
product  of  assimilfttiuu,  namely,  starch.  Lastlj-,  keep  a  second 
uninjured  spray  of  the  same  plant  in  the  light  for  a  time,  and 
then  in  darkness  for  a  day  or  two,  after  which  examine  it  for 
starch :  probably  after  this  lapse  of  tXme  no  starch  can  l>e  de- 
tected, for  although  it  has  been  made  in  the  light,  in  darkness  it 
has  been  consumed  iu  tlie  various  activities  of  tlic  plant. 

81. 'i.  Accordiug  to  the  accepted  theory,  light  consists  of  waves 
which  are  set  in  motion  in  a  tenuous  elastic  medium  teitned  the 
ether.  The  existence  of  this  medium  is  made  known  to  us  only 
by  the  phenomena  which  light  itself  presents;  but.  having  as- 
sumed its  existence,  the  phenomena  of  light  can  bo  ex|)lained. 
The  tenuity  of  this  medium,  which  fills  all  spae«,  far  exceeds 
tliat  of  any  known  gas,  and  its  elasticity  is  for  higher  than  that 
of  any  known  elastic  solid.  In  It  a  luminous  body  sets  in  mo- 
tion luidulations  wliicb  produce  ugion  the  retina  the  sensation  of 
light;  upon  differences  in  Uie  amplitude  and  the  duration'  of 
these  undulations  depend  differcuces  iu  the  intensity  and  the 
color  of  the  light  which  reaches  the  eye.' 


'  Tbe  terms 

iplituile  sntl  duratioD,  >e«ni  hnnlly 

applicablo  lo  waves  of  such  inciwljl'!'-  mil 

uten 

easiui 

velocity  as  those  nuii«l 

in  the  r<>U..wuig 

U1>1'< 

- 

C«lnrrf 

Nuiiibr 

tnfw»»Mofllehtln 

m 

LuDgtll  orMch  WBT>. 

iWht. 

KvemlatOmo 

R*d    . 

*77 

milliuix  ot  mUlioii 

rirangL.    .     , 

BOS 

en» 

Yellw     . 

535 

ST6 

GrMn      .    . 

677 

S34 

Rlno   . 

fl22 

4Bg 

inaw 

B30 



470 

Vi«l«      .     . 

flUH 

442 

1  "The  iutmaity  uf  Iha  lumiuoiiH  improsaion  miut  defieini  iipun  the  toron 
ot  tlip  aliiDiiu  lilows  whjoli  aru  trnimniilteit  to  the  optic  Tierves,  unci  it  is  alafl 
eriitetit  Uiat  this  farce  must  bv  proiioitioiiiil  to  the  siiimre  of  the  velocity  of 
the  oscilliiting  atoms,  or,  what  *RioDtit«  to  the  snine  thinn,  to  the  Hqiiuni  ot  tiir 
ain|>litaJe  of  the  □sdllstl'iTi ;  assnin^ng,  at  r.'oiirse,  tluit  the  osoUUtioiu  oro 
iMchMaooi.     Tha  oontuction  of  color  with  the  time  of  OKiliition  is  not  no 
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Dd  aaHimllatloD  praper.  Energy  liaH  been  <jlc[inetl 
na  the  power  of  doing  work.  Of  this  there  are  two  types:  the 
energy-  of  actual  motion  (soiuctiiiies  tcmicil  kinetii:),  ami  the 
I'nergy  of  position  (known  as  potential).  The  illnstration  of 
tlieir  difference  is  ustmlly  given  as  follows:  A  ball  thrown  up- 
warils  has  the  (rawer  of  overcoming  the  forcL-  of  gravity  tending 
to  pull  it  down,  ami  possesses  encrgj'  of  motion;  suppose  tho 
liall  at  tbe  end  of  its  cx)urs<*  is  lodged  upon  soiuc  iii'ojocthig 
slielf,  then  it«  enei^y  of  motjon  dissjipears,  nnd  it  now  po«> 
sesses  energj-  of  position.  Whenever  it  is  diskxlged,  it  will  full 
with  the  same  power  whidi  was  requin^d  for  its  usix-nt.  Knnn 
tliis  and  similar  esampteii  it  is  plain  that  one  form  of  energy 
can  lie  changed  into  another;  when  one  seems  Ui  disappear, 
it  lias  in  fnet  merely  been  L-onverted  iulo  some  oUii'r. 

817.  These  types  of  enorgj- arc  to  he  found  in  molecules  ns 
well  as  in  ninsses  of  matter.  It  is  hvl\  timt  nil  moh'uuU-s  of  nil 
matter  an-  in  a  state  of  motion,  invisible,  hut  none  the  less  i-iiil. 
One  form  of  sn<'h  iiivisihlc  kinetic  energj'  U  heal,  and  another 
is  radiant  light,  where  the  energj-  of  motion  i«i  emlKidied  In  the 
vibrations  or  un<lulations  of  tli«  ethereal  mediuni.  A  llilrd  fonn 
is  that  of  electrical  separation;  and  still  nnolhcr,  with  which 
Physiology  deals  especially,  is  known  as  uhumloal  nojiarnlioii,  of 
which  a  familiar  illustration  may  be  given:  An  atom  of  xxyuen 
has  so  strong  an  attraction  for  one  of  i^arlfon,  that  if  tliu  iwn 
are  nnilwl,  it  is  dlilicult  to  separate  them,  the  force  rc'iuliiil 
to  do  this  being  comparable  to  that  demandtul  to  ral«e  a  weight 
to  a  certain  height.  As  in  tlie  IntttT  cn»e  the  weight  held  In 
its  raised  position  represents  by  that  position  tho  foreu  which 
was  employed  to  raise  it.  so  the  separated  atom*  rcpifacnl 
energy  of  position  read.v  to  he  ogatn  couvuru^d  into  nnnrgy  of 
motion.' 


obriaiiH;  niid  vrlif  it  iji  lliatthc  wiivwor ether  biwting  «l 
ity  uD  the  retinn  ahoalil  [irolnca  tuuh  iwnuti'iDi  ■•  lliuti 
■>r  ml,  tliM  pIijHioluKist  U  wholl;  unsbU  Iv  *i]iliihi, 
anklogniu  phrDomcnon  In  mmiil,  for  inualnftl  niitu*  «f 
vnvm  vt  air  Ixintint;  in  it  wriillnr  w«y  nn  iha  iiuilit'iry 
known,  the  grattor  tho  tro.|Upnt'y  of  tli'-  Uintii,  or,  In 
ngnd  tbu  oM-ilLitionii  of  tb"  iwrlal  uii>ti«-uln,  (tio  lilglitr 
Rcil  color  comiipou,I>i  to  low,  and  violi't  to  hlj{li  notaii 
ilattMii  of  color  Vtwtvn   thom  utrrine^  pusiiiK  lli 
yiillow,  gran,  blur,  ii[|it  liiilij(o>  r!iirm|iuii't  to  III"  w 
moautal  ]<itch  "  (Cnokp:  Clunnii^l  PhiluwiJir.  1881,  ji 
>  It  in  uldinn  that  uni>  of  llu«*  ninnii  uf  niolnniUr  f 
the  phummoti*  of  Itriog  being*  ia  not  HtiKteM  wlllt 


Ith  ([rmliT  nr  I»m  n|il>l- 
..t  violiit,  Un*,  HI"*' 
Wo  |.av.'.  lmw..*i.r,  »n 
-  ■Imply  (li»  oirHi'ta  i,l 
ni<rvai  i  and,  aa  I*  widl 
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S18.  The  coiiVLTsiiin  of  tJiu  fni'i'gy  of  the  uiutioti  uf  die  etbe- 
rcal  nicdniin  (in  mitlniil  li^iit)  into  dieuiifal  suparalioQ  uf  os,v- 
geii  t^-om  tiie  carboii  of  larliouic  ot-id.  auil  tLc  piudut^^lioii  ul 
tliis  trcn^urfi)  L'lK'rgj  uiidci'  ulbi-i'  furuis,  is  the  eliit'l'  ulUcc  of  t)iu 
plant. 

HXa.  AtU-iitioti  Ima  nlivnily  been  called  (eee  |j^c  3Ui>)  to  tho 
well-ktiiiwn  fait  lUat  a  Iwam  nf  biiiiliglit  is  cotiipoRcd  of  vi\\a  or 
lines  of  uuduladuns  differing  Itotb  in  i-uspect  to  their  amplitude 
and  velocity.  Hcnee  it  is  to  be  es|)eut('<l  that  in  t^eir  aetiun  ou 
Uie  [ilant  these  rays,  which  arc  in  I'att  vehicles  of  kint'tio  eiicrpy. 
mnst  hale  diverse  efl'ects. 

HH).  i'latwIHcaUon  of  lite  rufii  of  thf  opertrnm.  When  u-licnni 
of  miiiliglit  is  ti'aiiainilU'd  lliioiigli  a  tHauyiihir  inisiii,  it  is  broken 
u|i  into  ita  constituent  raya.  wliic-U.  falling  u(»n  a  screen,  foi'iu 
what  ia  known  as  a  a|Kotrtiin.  The  colors  of  llie  sjKsctriim 
grade  from  red  at  one  end,  tlirungh  orange,  yellow,  gn?«n. 
blue,  and  indigo,  to  violet.  The  violet  raja  are  bent  further 
fiiitn  their  t'onrso  by  llie  prism  than  any  of  Uiti  othera  above 
siioken  of.  and  hcnw  are  tcrtne<l  the  most  refrangible ;  ojcpcrl- 
nieiit  has  also  shown  that  tliese  highly  refmngible  I'ays  are  most 
cllieient  in  producing  the  ehenii(!al  uhanges  long  known  to  be 
attributable  to  light;  for  this  a-ason  tlioy  have  been  denomi- 
nated I'hrniieal  (or  sotnetitues  actinic)  rays.  The  red  rays  are 
Iwnt  far  leas  fVom  their  eourao  than  any  of  the  others  above  nieii- 
doned.  and  hence  Ihoy  are  termed  the  least  refrangible.  It  is 
at  the  vet}  end  of  tlie  viaibh-  ajieetruin  that  tliu  greatest  amount 
of  heat  ia  found.  The  rays  which  constitute  yellow  and  orange 
light  arc  of  medium  I'efraugihility :  tlicy  are  the  most  diatinotly 
hiuiinons.  It  is  pro[>er.  thernfore.  for  oouventence.  t«i  distin' 
guisfa  rays  of  the  solar  spectnim  as  cliemieal,  himinous,  and 
he^t  rays,  aeeoi'diiig  to  the  donnnatit  elTect  wtiieh  they  pi-oduee. 
But  it  should  be  stated  lluit  caeh  of  tlieae  three  grou{)s  may 
share  some  of  the  work  apeciallj*  belonging  to  the  otlnTs;  and 
flirther,  that  beyond  the  visible  apecti'um  are  rajs  whith  aw 
elfleient  iti  aeeomplishing  certain  kinds  of  work.  These  latter 
are   known    respcttivelj-   as   the  nitra-nolet  and    the   idlrn-rcd 

Before  examining  the  action  of  lliese  ditferent  r.tja  uf  light 
upon  the  a.^sirailntivo  activity  of  ohlorophjll  granules,  inqniiy 
must  be  made  as  to 

abiiorptiuH,  wlikli  wia.iienl1nll,v  uprocemor  ilMil«nil«ni.llii'*iiili.  in  m.roiii]«nii.il, 
iw  ia  capillary  nttmctiuii,  by  ■•IwtricAl  iliitttirhani'i'i.  In  ti'i  rjsau  b  DUet}(y  lost . 
tme  form  iliBti[ipnn  itnly  in  m|i|K«r  in  •ontn  otixm. 
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R2t.  The  deiitli  to  which  li«iit  (AH  penetmle  gnwn  tIssDeH.  Tliis 
cau  he  asceiinined  apiiroxiiuutvly  by  u  simpli:  nji^uraliis  sug< 
gi'stetl  1)3'  Sachs.'  A  pasteboani  Uilw,  n  TiHtt  or  so  in  kngtli 
and  about  an  inch  in  diameter,  is  cut  at  oiiu  i-atl  so  as  to  fit 
around  the  eye  very  closely  aud  allow  no  rays  to  onler  cxL-epl 
tliroutc'i  the  other  end  or  tiie  tube.  If  a  tliin  lear  be  plactd 
o\'cr  the  distal  end  of  IIk<  tulie,  and  it  bo  held  towards  a  brit^lit 
liglit,  a  large  portion  of  the  liglit  will  be  r«.t'ived  by  the  eyci. 
If  leaf  after  leaf  be  placed  over  thy  first,  tlio  grctn  uolor  soon 
gives  way  to  a  dull  i'«l,  aud  finally  is  excluded  altogether. 
The  same  apparatun)  shows  tu  what  depth  light  uau  |>eiietrate 
si]per[>osed  layers  of  gi-oen  cells  taken  IVom  a  sWm  or  from  tlliek 
leaves.* 

822.  The  qnaJitf  of  the  llfcht  which  penetnUm  a  luf)  or  which 
has  passed  through  oue  InyiT  of  eclls  coutaining  chlorophyll,  ie 
shown  by  nietins  of  the  >i|>ectro3eO[)e.  From  what  has  lieen 
shown  (p.  296),  it  is  clear  that  the  light  which  acts  on  the  cells 
Iwlow  the  first  layer  ex]>osed  to  the  sun's  rays  must  be  different 
from  the  incident  rays  themselves.  The  light  which  reacbea 
the  dee|>er  tissues  of  a  leaf  has  passed  thraugh  more  than  one 
film  of  green  tissue. 

823.  The  degree  of  intensity  of  white  (that  is,  uncolored)  light 
roost  favorable  to  assimilation  has  not  been  deteimineil  with 
certainty.  The  lowest  limit  at  which  any  assimilation  Inis  been 
ol>9ervcd  i^  considerably  aUive  that  at  which  etiolated  chloro- 
phyll turns  greeu.* 

h24.  It  has  bL«ii  shuwn*  that  very  intense  while  light,  cv^n 
after  it  has  lieen  deprived  of  nearly  ail  of  its  heat  rays,  can 
destroj-  the  vitality  of  vegetable  cells,  Cuusiilerably  befoi-e  the 
denth  of  the  cells  from  this  eatise,  ttie  chlorophyll  graonlca  in 
them  lose  nil  their  coloring- matter,  even  when  they  preserve 
their  genemi  form,  and  having  once  lost  their  greeu  color,  do 
not  afterwards  regain  it. 


*  nuijbuch  der  EiipcrinieiitaI-|ih;uo]n^«,  18Q5,  p.  5. 

*  But  it  hiu  been  shown  hjr  HBukcl  tlinl  the  niii^li-  at  which  n  brnm  of  light 
■trikea  a  |)1ste  of  glRSH  taAken  a  natifMblc  iUITi>n<iire  iu  llie  unonnt  of  thn  cbnni- 
ra«!  rtya  which  can  |n»  llirough  it ;  thiu  while  »i  a  vertical  angl*-  SI  |wr  (ent 
nf  the  nyt  are  tnusmitted,  thn  rvst  heiiiK  aliwrliMl,  at  an  anf^n  nf  61^  thn 
amoinit  tmiiHniittiil  >•  nolurot  to  71  prr  crtil.  nnil  al  81V  to  33  pnr  it-nt.  1'hp 
■abJBcC  oa  rolaliiiK  Tu  |ilaiitil  bns  nnt  rmwivnl  lb"  attrntin<i  it  disKrm  (B<-hcliti- 
Uh«r  'tin  V'crlTanillaiiSPn  der  Srichni'^hvn  napllBclinft  ilor  WiwiHiiM'liafUiiil, 

■  SrcIih:  Eiperiniuiital-jihyuolngin,  ]S<IG,  p.  8. 

*  Priogshoim  :  Honatabwiuhte  d«r  Beriiu  Akademie,  1870. 
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835.  Colored  llsbt  and  MHlmllatloii.  Daiilwiiy.  in  1835,  was 
the  first'  lo  ex))eniiii>iit  system iiticjilly  upon  lliis  Hiil>ject.  His 
method 'of  iiivustigatioa  wiis  aa  I'oUowa :  -'A  certain  number 
of  (rvsh  loavpH,  which  presented  iu  each  case  an  extent  of  i^urPace 
as  nearly  as  possible  equal,  and  had  Iteeii  previously  aaeertained 
lu  give  out  equal  quantities  of  oxjgen,  were  introduced  severally 
into  jai's  filled  witli  wat«r  impregnated  with  carbonic  acid  gas. 
{>laced  on  the  surraee  of  a  pneuiuatic  trough,  and  exposed  for 
a  certain  time  to  the  influence  of  the  solar  rays.  The  jai-s  in 
whicit  the  leaves  thus  selected  slooil,  were  severallj-  covei'ed 
over  b;  a  wooden  screen  which  Intercepted  all  light  from  ttie  in- 
clqded  Jar,"  excepting  in  fVont,  where  a  frame  was  fitted,  into  which 
(1)  colored  glass  or  (2)  flat  bottles  filled  with  diflerently  colored 
liquids  could  l>e  rostened,  so  that  the  light  reaching  the  leaves 
could  be  variously  modified.  Tho  amount  and  character  of  the 
gas  escaping  into  the  upper  part  of  each  jar  were  carefully 
det«rminei).  The  leaves  used  were  those  of  Itras^ca  olcracea, 
Salieoriiia,  Fucus,  Tnsstlago,  Coehlcaiia  Armoraeia,  and  Mentbu 
viridis.  Besides  plain  glass,  the  following  colored  varieties  were 
employed :  orange,  red,  blue,  purple,  green ;  while  the  liquids 
used  weiv,  for  blue,  ammonio-sulpliate  of  copper,'  and  for  red. 
|K>rt  wine. 

lu  all  L-ases  Daubeny  detenuine<l  the  amount  of  gas  given  olT 
liy  the  leaves,  and  afterwanls  analyzed  it  in  order  to  ascertain 
the  percentage  of  oxygen.  He  concludixl  iVom  his  experi- 
ments,' "that  the  effect  of  light  upon  plants  correa|K)nd8  with 
ita  illuminating  rather  than  with  Its  chemical,  or  ils  caluriflc 
infiiience." 

«26.  J.  W.  Draper,  in  1844,  published  an  account  of  his  ex- 
periments upon  the  relations  of  green  plants  t<»  ligiit,  us  regards 
the  amount  of  assimilative  activity  indicated  by  the  oxygen  given 

1  Seni'bier  and  ntliera  hail  Hlreu'l;  comluctcd  aoma  incuDi-luaiTE  ^xperimenta 
ill  neady  the  aniiw  Brld. 

*  On  the  Action  uf  Light  upon  PlantH,  and  □[  Plants  upon  the  Alnio&pbera 
(PiiiloBophical  Tmnwctinna.  ISSfl,  p.  140). 

Tbi!  activity  of  auimiliition  pro|ier.  as  Hill  1«  seen  later,  can  be  lueasuied 
irith  a  very  close  appruxinmhoii  to  ni'cnrai'j,  hy  the  amount  of  oxygen  gu 
which  in  Kt  free  froni  the  ussimililting  tisiues.  or,  irhnt  aniounU  to  euhltan- 
tiiilly  the  Kame  thing,  hj  the  auioimt  of  catboiiic  acid  dcwnii>i>«ed  1>y  them. 
For  the  sake  at  unifoniiily,  the  ward  ammilallim  ia  to  be  used  in  the  Collow- 
\v)f  pArngrajilu,  cvhd  where  thn  uuthuritieB  nlfd  tutor  to  tlie  process  under 
tJw  lenni  decamparUian  ef  cathanie  ncul,  PCohili<m  of  iv.Vffm.  dt,  Tlf  term 
I  iMDiiUtion,  in  its  reutrictad  senu,  wrb  ailopt«d  by  Saulia  (ISflS). 

*  PhilDaoj>hia>l  Tnuisacliona,  1830,  p.  ISl. 
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off  dining  exposure  to  different  rays  oftlie  solar  siwctriim.  Fram 
his  rcsiill,§  it  appears  that  "Uiu  luj's  wbicli  cause  Uiv  iktnmpusi- 
Lion  or  carbunic  ai-id  gas  have  the  sBinu  place  in  the  8i>uotnini  as 
ttie  orange,  llie  jcUow,  and  tlio  green ;  the  extn-rac  red,  tbe  blue, 
the  itictigo.  ttml  the  violet  exerting  no  perceptible  effect." ' 

Draper  lays  great  stress  upon  the  interesting  fact  previously 
noticed  by  Dauben,\ .  lljat  the  ehemical  rays  appear  V>  have  no 
effcet  uiwn  the  work  or  assimilation .  He  does  not,  however, 
olTcr  nay  explanation  oftlie  curious  fact  that  the  chemical  activ- 
ity of  the  plant  is  dependent  u|>uii  other  rajs  than  the  cheniieal 
for  its  excitation. 

8'27.  The  principal  results  obtained  with  submerged  water 
plaute  by  L'loez  and  Gratiolet,'  who  exposed  Putamogeton  and 

1  A  Treiitiso  on  the  Forces  which  produce  tlie  Oipiiiiiatiun  of  FUuta,  184*, 
p.  177.  ThR  mothod  of  (experimenting  ii  detuileil  by  Dmper  as  foUowi : 
"  Having,  b;  long  boiling  nnd  subsequent  cooling,  olilaiiieil  water  free  fron) 
diasoli'eJ  air,  I  utimted  it  with  carbonic  suid  f^.  8i>iiie  gmns  lenrra,  tli« 
■urrucea  of  which  wero  carefully  freed  fmm  any  adlierent  bubblr*  or  (Udih 
of  air  by  haring  bcten  ko|it  bvnpath  carlniiaiiul  water  for  tliruu  or  four  days, 
wern  jimrided.  Suveu  glius  tubes,  each  lialf  an  inch  in  dioinctur  and  six 
laches  long,  were  filled  witli  corbonateil  water,  nnd  into  the  ilp])er  port  of  each 
the  Mme  number  of  blades  of  gnss  <ret 
••  near  lu  cauld  be  nlike.  The  tubes  vi 
pneiiniali«  trough  uf  ]iorcelui].  It  is  b 
bladea  were  of  n  pure  green  napect,  as  • 

attoelied  l< 


V  pliiced,  core  being  taken  tu  haro  > 
'ere  inserted  side  by  ude  ill  a  aniall 
D  lie  purticuliirly  teiiurked  that  the 
ecn  in  Ihf.  water  i  no  glistening  air- 
is  ii  always  on  fresbly  gatliernl  Initps,  nor  any  air  biibbtra,  were 
a  tlioro.     Great  cure  woa  taken  to  secure  this  perfect  freedoni  from 
air  at  tbe  naXtrl  of  the  exiitrinients. 

"Tbelittlo  trough  woa  now  placed  in  such  o  positiou  that  a  solar  spectrum, 
Icrpt  niniionlesa  1>y  a  liclioatat  and  disjicrscit  by  a  llinl-glasa  prisni  in  a  hori- 
niotal  direction,  fell  upon  the  tubes.  By  bringing  the  trough  nearer  to  the 
prism  or  moving  it  farther  olf,  the  different  enlorvd  spaces  could  he  inailo  to 
Ml  at  pleasure  on  the  inverted  tubes.  The  brani  of  light  was  about  tliree 
fnutths  of  an  inch  in  diameter.  In  a  few  minutes  after  the  conimencemrnt 
of  the  experiment  the  tubus  on  which  the  omngfi,  yi-llow,  and  gre«n  light  M\ 
euninienceil  giving  off  minute  gas  bubbles ;  and  in  about  an  hour  and  a  half 
a  luontity  was  collected  snfhcieut  for  accurate  iiHoaurcment. 

"Tlie  gas  tliuB  coUocted  in  each  tube  having  been  transferred  to  anulher 
nmcl  and  its  quantity  determined,  the  little  trough,  with  all  its  tubes,  was 
tnAy  exposed  U>  the  siuisbine.  All  the  tabes  now  commenced  actively  evolv- 
uig  gnii,  which,  when  collected  and  miiiiiured.  served  to  show  the  capacity  of 
each  tul>e  for  earryiiig  on  the  process.  If  the  leoiVea  in  one  wero  more  sluggish, 
or  exiKUHl  a  smaller  nurface  than  the  otbrn,  the  quantity  of  gas  evolved  in 
that  tube  was  corTcs[iandingly  less.  As  may  be  readily  supposed,  I  never 
could  ff't  tiilam  eo  armngHl  as  to  act  pririmly  alike  ;  but  after  a  littl<>  practice 
I  bmnghi  them  sufflEioiiUy  near  to  equality.  And  in  no  imtnnce  was  this 
tesUug- process  of  the  power  of  eocji  tube  for  evolving  uas  omitted  after  tlte 
experiment  in  the  speclmm  wa*  over." 

>  Annalcj  i|e  L'himie  r'l  ilr  Phyaiqiie,  tir.  3.  torn?  ixiii.,  ISSl,  p.  67. 
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Myrioplijlliiiii  to  lli<?  atlion  ol'  liglit  colonul  li,v  passing  tbrtiugli 
gliiss,  maybe  stated  as  Tollows:  The  activity  of  the  plant  in 
Ooeuinpusiiig  car)>onic  auid  diininisiies  wit)i  glossoa  uslh)  in  tlie 
oi-dcrgiwn:  (1)  iinoolored '*gi'oiiiKl"gla88,  (8)  yellow,  (3)  iin- 
eolyred  transparent  glass,  (4)  reil.  (5)  green,  (G)  blue.  By  oil 
itip  (-■xijerimeutors  uow  rerurrcd  to,  the  I'volved  gas  was  collected 
and  examined. 

HiS.  Measnrement  of  th«  anionnt  of  asHlmilatioii.  Sachs,  in 
18G4,  Bp|>eais  to  liave  been  tlic  first  to  cmpluy  the  now  well- 
known  method  of  measuring  the  activity  of  ibe  assimilative 
process  liy  counting  the  ■luiliMes  of  gas  whk-li  ai-e  given  off 
by  a  aubmerged  water  plant  (sec  814).  Since  the  gas  given 
off  by  the  plant  is  not  pure  oxygen,  but  is  variahle  in  eora|»- 
sition,'  the  tucthod  cannot  be  regarded  as  siiftlciently  precise 
for  verj'  acciirati>  ex[wriinent ;  but  as  it  ailmita  of  sneli  rapid 
cliange  in  all  external  conditions,  it  answers  for  all  jiractical 
purposes. 

829,  The  effect  of  colored  light  u|ion  the  assimilative  activity 
uf  plants  not  subiuet^ed.  as  in  the  aliovc  cx|K'rinicnls.  but  in 
tlie  air,  was  first  exumined  by  t'aillctct.'  in  1867.  He  placed 
the  plant  under  bell-Jars  containing  air  with  eighteen,  twenty- 

'  For  miiurkB  llpuri  tlje  pa«si!>Ia  KiTai-s  uliti'h  riiuy  aneiiil  tlic  UKe  of  tliU 
mrthod.  consult  Millkr  {Priiigxhoim'ii  Jdirk  vj.,  1S«8,  ji.  17S). 

*  L  CHillulBt  jiliuu^  li'Avcs  ill  jun  filled  wiEli  air  vnutaining  from  18  to  30 
p«r  wnt  of  iwrbonie  «ciil,  and  then  vxpoml  thew  to  light  nhich  liiul  puuud 
tliniugh  mionul  glow.  lo  one  iwae  the  ]ij;ht  ima  tnnnnittetl  tlirougli  n  solU' 
^□11  of  indinv  ill  lairUiti  bbiul|ihicle.  After  im  exposure  of  fruin  eight  Id  ten 
tiootb,  thn  umaiiiit  of  rorhonic  lu'id  mnaiiilug  UDJecam]iowcl  by  the  ocliun  of 
tllr  lonves  WIS  ruiiiid  lo  be  an  foUoHa  ;  — 


Madlom. 

of  light, 

IB  ve- 

ts 

m 

an 

SO 

sn 

w 

IT 

R«lg— 

I1.M 

w 

or  Mn»HI«P.I  imper. 

w 

pKpsr  ikA  blukctibl. 

GroDKj  glua 

" 

" 

" 

Tivu  point*  ninal  I*  Riiccially  iiuLiceil  ;  ( 1)  the  striking  rffect  of  the  Urge 
amoutil  of  e»rbunie  w-id  tn  tbo  Ihitd  wries ;  (2)  the  annmnly  ptoflentcd  hy  the 
l-r«iu  gUs«,  which  i»  loilc  nnexplntnL-d.  It  ih  lo  Im  retrretted  Ihat  no  fuUor 
■nnUDt  of  tiie  oliftracler  of  ihr  glawcs  uiwd  in  given  (CQUijitas  Keiiillls,  \xr., 

issT,  p.  8sa}. 
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ir  lliirty  jjor  ei'iit  ci!" i-ailNHjii;  aM.  and  made  of  rod,  ydlow. 
given,  liluc,  violut,  and  oiilurlcss  g\as».  His  results  agn.t:  in 
gebtirat  wltti  tlioeo  obtained  by  the  otiicr  motliols. 

ttSU.  Ill  1K70  furtliui' iiivi'tiligaLiiiiia  iti  tlif  t>imti- Mill iji'i-t  were 
uiado  by  ITi-tTtr.'  Tin-  Tollowing  is  n  reaumi  of  Uil-  ivsults  of 
Ilia  ex|HTiineiit3  with  the  leaves  of  five  diflbi-ent  plants  exposed 
to  coloivd  liybt:  Only  ilie  ^-isiUti  rays  of  tlie  siwftniiii  cause 
deoom|xjsilionorfarlK>iiicacid:  and  in  lliis  pitN.«8s  tiie  lirigLtesl. 
tliat  is,  ilie  J  cllow  raya.  are  as  efllL-it'nt  as  all  tbe  oiIrts  takcD  to- 
guthtu-,  wliik  tlie  must  riTrangible  rays,  those  nhicli  act  most  en- 
ci-getically  uix'ii  cliloridi;  of  silver,  bave  only  very  sligbt  iiiHuence 
upon  the  work  of  assimilation. 

Every  (.-olor  of  tliu  spectrum  may  Im  snid  to  possess  a  s|H'ciflc 
quantitative  inHiicncc  n[>on  assimilation.  This  inlluence  remains 
unehaiigi'd  whether  the  color  is  isolated,  i-umbined  with  one,  or 
with  all  the  other  colors  of  thv  S[)ectrum  when  it  acts  upon  a 
IKirt  of  a  plant  contiviiiing  <'hlon>pliyll. 

831.  Examination  of  the  spectnnn  of  chlorophyll  (779)  shows 
that  the  part  of  tlic  s{)ectriim  which  absorbs  most  of  the  rays  is 
that  which  is  pre-eniincnlly  its  (.■bemica]  end ;  but  by  all  lh<!  ob- 
servers whose  results  have  been  cited  ill  the  text,  it  ta  held  that 
tli«  elicmicid  end  is  that  which  is  Ic-oat  eHlcient  in  assimilation. 
Witli  tim  cxcei>tion  of  tlic  narrow  tbongh  strong  altsorptioii-band 
in  the  reel,  all  the  deep  absorption -bands  of  chlorophyll  and  its 
tiohitions  Iteking  at  the  violet  or  clieniical  end  of  the  s|iuctriim. 
Mullcr  and  Timirinxcff,  cited  in  the  notes,  liiivc  eodeavored  lu 
investigate  this  anomaly. 

M.12.  Tiiuiriaxetf.''  iu  a  series  of  resenrrbes  in  |X77,  experi- 
mcnb^l  iii>on  the  slender  leaves  of  Hainboo,  which  he  placed 
In  tubes  of  small  ciilibro  containing  air  of  knowii  comi»osition, 


»  Artrtitcu  lies  boUti.  iusl.  ill  Wurahirg,  I87I,  p.  L 

Thn  rollowing  works  maj  iIbo  be  cited  :  — 

A.  voD  Wnlkalf,  Eiiiige  Ilutenachungen  iilm  ilio  WiAnnit  ilos  tJohtcs  Ton 
*snahinli-iisr  lutanHtitt  kufrliu  AnaeabFiilung  iter  Guc  dun:b  WauerpamuvB. 
rringsb.  Jabrlv.  r,  ISM.  i>.  1. 

Adolf  Mivyer,  Prodiiclion  voii  otguilM:lieT  fHon^in.Siilwtitni  lin  Anncliluai 
dw  ctuniiaohcii  I.ifbtMnthlcn,  VRrsudu-StatioiiFn,  ix.,  1i<i7,  p.  3VS, 

N.  .1.  C  UiilW,  trntenntRhun)^!  lilwr  die  [)iffu>lon  dor  iitiuiM|<hari*('hgii 
Gm*  in  d>t  Pflanir  nnd  dis  OusuHioliaulttfie  untrr  rarK-hiHtniini  Beiouclit' 
nngilMduittungnn,  Pringnh.  Jalirlh,  vi,.  in67,  lifl ;  oiid  riL,  IHdH,  lii. 

TimiriiucK  Bfltaaiwha  Zeitung,  \$«9.  p.  Id?. 

PrflliciiT.  Ann.  das  Se.  unt..  m't.  G.  tonic  x..  18M,  p.  MS. 

Bsnni-tzky.  DoUniiHlii!  Z-itnnt:.  1S71.  ]>,  19%. 

*  Amulfs  de  CUnio  ct  de  Phjitcinc,  tit.  G,  Umv  ill..  IS77.  p  SE6. 
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atid  exposed  to  different  parts  of  a  \a.rge  s[)e(;triin]  formcfl  by  a 
liollow  priein  Gtlcd  with  carlK>ii  biaulphide.  By  pinploying  a  iiar- 
niWLT  slit  fov  tiie  liglit  than  tlmt  uaet]  hy  previous  o<{)H>i'inK!tit«ra, 
tie  obtained  an  cxirasuro  of  tin-  leaves  lo  a  vory  limited  jKirtion 
of  Itie  flpentrum :  and  to  Ihm  ditforen(.-e  in  Lis  apparatus  lie  ohtefly 
attributes  bis  results,  nliich  are  at  variance  with  those  of  bis 
ptiidectjssors.  Asstimiug  tbat  tbe  results  of  his  analysis  of  tbc 
evolved  gas  are  acL-urate,  they  indicate  that  Uic  amount  of  car- 
bonic aciil  decomposed  by  leaves  is  proporltoual  to  tlie  distri- 
butiou  oTi^'eclive  calorific  energy-  in  the  spectrum. 

TimiriazctT'  in  his  earlier  pnper  did  not  himself  attenipt  to  apply 
his  results  to  nn  explaniition  of  tlie  peculiar  relations  of  the  rays 
of  the  spectrum  to  aasitnilation  :  >int  Van  Tieghem.  wlio  snli- 
stantJAlly  adopts  tbe  results  of  TimiriazefT,  gives  tbe  following 
application  of  them  to  the  ftaaocialed  phenomena.  He  calls  atten- 
tion to  the  fact  that  ttie  maximum  of  ilecomimsition  of  carbonic 
acid,  under  the  conditions  of  TimiriazelTs  experiments,  takes 
place  at  tbe  deep  absorption' hand  of  chlorophyll,  between  U 
and  C;  and  therefore  concludes  that  the  decomposition  of  I'sr- 
bonic  acid  by  leaves  cx|>o8ed  to  solar  radiation  detwnds  on  two 
elements:  (I)  tbe  elective  absorption  of  tbc  chlorophyll,  and 
(2)  the  calorific  cnci^y  of  the  absorbed  rndiaUons.  According 
to  lliis  view,  the  most  clHcicnt  rtidialions  must  be  those  which. 
being  best  absorbed  by  tbc  chlorophyll,  possess  at  the  same  time 
the  great«st  traloiific  Guerg.v.  Hence,  (1)  the  extreme  red  and 
the  dark  beat-rays,  in  spit«!  of  their  extraordinary  calorific  energy, 
have  DO  elTect.  because  they  pass  thi-ongh  chloraphyll  without 
visible  absorption  ;  and  (2)  the  blue  rays,  which  arc  very  strongly 
almorbeil.  esert  scarcely  any  effect,  owing  to  their  feeble  colorific 
enei'gA'." 

838.  TimiriazefTs  results  should  be  comi>ared  with  those  of 
Kngelmann.  who  finds  that  for  green  cells  the  absolute  maximum 
of  assimilative  activity  lies  in  the  red,  between  the  lines  B  and  C, 
at  the  j>uiDl  of  the  first  and  most  pronounced  absorption- band  of 
cblorophjU.  and  that  there  is  also  moi-e  or  less  activity  in  the 
blue  at  F.  If  tlic  cells  are  not  of  a  given  i^olor,  the  maximum  of 
activity  is  in  some  other  point ;  thus  iu  the  case  of  bluish-green 
cells  it  is  in  the  yellow,  and  in  that  of  red  cells  in  the  green. 

Engelmann's  method  is  based  upon  the  extraordinaiy  senai- 


'  Aim.  de  Chimie  at  de  Pbjraiipie,  !H;r. 
des  Sc.  nul.,  xcr.  7,  touie  ii.,  p.  UV. 
■  Traite  de  HotsDJqne,  1881,  p.  14D. 


lii.,  1877,  p.  Sill,  iirid  Aiiu. 
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cetiess '  of  certain  bacteiia  to  Ilie  [iresence  of  free  oxygen.  By 
an  ingenious  tk-vii-c,  simple  in  its  iip[>Uc:ition,  it  is  [wissible  to 
(teterniiup  the  i>ai't3  of  tlie  siwc^tnitn  in  wliidi  an  nssimibling  cell 
or  niauicnt  givea  olf  oxygen  moat  copiously.  Uniler  tlie  stage 
of  tlio  microscope  is  placed  a  miorosiwctroscope,  wliicli  throws 
a  clear  spectrum  ii|>on  any  object  on  the  glass  slide  in  it8  place 
on  tlie  sta^,  fur  inslancc  a  filament  of  an  niga.  The  alga  is 
placed  upon  Uic  slide  in  water  which  contains  numbers  of  the 
common  Bacterium  (B.  Termo),  easily  pro(.'ure(J  from  putrescent 
matters.  If  it  is  kept  from  the  light,  or  is  es|K>sei1  to  only  very 
faint  light,  all  assimilative  activity  is  suspende<l,  and  the  bacteria 
after  a  time  nrc  quieaceut.  But  when  light  in  Eullicicnt  amount 
is  jiermitted  to  pass  through  the  sjwcimcn,  assimilative  activity  is 
at  once  manifeste<l,  and  the  evolution  of  oxygen  fi-om  tlic  filament 
binnga  the  bacteria  into  rapid  movement.  If,  instead  of  white 
light,  the  raya  from  tlic  spectrosooiic  nre  passed  through  the 
specimen,  the  activity  of  the  bacteria  is  equally  manifest,  but  it 
is  contliied  to  a  comparatively  small  part  of  the  Bi>ectnim  ;  the 
bnulcria  eolleeling  chielly  at  the  points  which  arc  known  to  coin- 
cide with  the  absoqilion-bonds  of  chlorophyll.'  When  n  some- 
what tliick  cell  is  employed,  tliere  is  a  noticeable  difference 
hi'lween  the  anionnt  of  afli\ity  on  its  npiwr  niid  under  side. 
The  fignros  show  the  ratio  of  activity  of  assimil.ition  lietwecn 
the  nnder  side  tli-st  ex]xitied,  and  llie  iip[N-r  side  which  receives 
light  thut  has  first  [)a83cd  Uuough  a  green  Blm. 

B-C,  D.  I>(E.  E-b.  p.  Fia. 

L™.t     ....     l(MI.  <8.5  37-  2J.  3fl.5  I". 

Ul<]wr     ....       36.5  B4.  Kill.  f<-2.  S2.  IS. 

It  is  to  be  noted  tliat  Engelmann  did  not  in  any  case  find  any 
assimilation  in  uncoloreil  chloi'uphyll,  even  when  the  light  was 
tem|>ered  by  the  iuter|>o3itiun  of  a  colored  medium  (eomiiare  850).' 
Uc  has  pro\'ed  that  osumilatioii   proiier  takes  place  only  in 


>  Auconling  to  EngsInunD,  th«  wusiliTmits  of  lacteriA  is  to  great  tlial  bjr 
their  reaction  the  Irillionlli  jrsrt  of  a  milligram  of  oxjgeii  r.in  Iw  di'tecteit 
(BiilwiUcIic  ZaitUQg.  1883.  p.  *).  Clerk  Maiuriri!  entiiniili-  of  the  weifilit  of 
■  iuuIpcuIp  oToxyff^n  vasoae  thirteen  trilliaiith  of  k  milli^mtu  (PLiliMO|>hical 
Ujiguiue,  1B73,  p.  453). 

'  It  is  iDtensting  to  mimp«pe  thene  ilplcmiinatioin  of  llin  point  of  greatest 
uumiUtive  effidBncy  in  the  Bi^trgiii  with  tlie  rraulUi  of  I*tl«loy'i  rF*«if  lira 
upon  tlie  liistribatiouof  energy  i"  tiio  siHwtnirn  lAmerioui  Juu-ual  of  Science, 
XXV.,  1SS3.  p.  IflS). 

1  BotouiKho  Zcituns.  ISSS,  p.  119;  1683,  p.  17. 
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protoplasm  wliich  contains  coloring-mater,  as  for  instance  the 
chlorophyll  granules,  the  colored  granules  in  algoB,  etc. 

834.  Artificial  light  and  assimilation.  De  Candolle  ^  exposed 
the  submei^ed  leaves  of  several  species  of  plants  to  the  light 
emitted  by  six  Argand  lamps,  and  failed  to  obtain  thereb}-  any 
evolution  of  gas.  lie  estimated  that  the  lamps  hal  about  five 
sixths  of  the  intensity  of  sunlight.  In  this  experiment  the 
light,  though  insufficient  to  cause  the  evolution  of  gas,  restored 
etiolated  plants  to  their  original  green  color. 

835.  When,  however,  a  submerged  water  plant  is  exix)sed  to 
the  rays  from  a  calcium  light  ^  (as  that  of  an  ordinary  projecting 
lantern),  there  is  a  copious  evolution  of  gas  from  its  leaves.  The 
light  from  burning  magnesium  wire  is  also  sufficient  to  cause  the 
dec*omiK)sition  of  carl)onic  acid  and  the  evolution  of  oxygen.' 

830.  Tlie  influence  of  the  electric  light  ui)on  assimilation  has 
been  investigated  bv  numerous  observers.  Deherain,  who  ex- 
penmented  in  the  Palais  de  Tlndustric,  in  Paris,  found  that  the 
total  assimilation  produc»ed  in  the  leaves  of  Anacharis  Canaden- 
sis, during  an  exposure  for  five  days,  was  not  equal  to  that  which 
followed  ex[x)sure  to  sunlight  for  a  single  hour.^  Siemens  has 
shown  that  (1)  many  plants  do  not  require  any  i)eriod  of  rest 
during  the  day,  but  thrive  under  continued  illumination  by  elec- 
tric light  and  sun-light;  (2)  electric  light,  properly  regulated, 
accelerates  growth,  and  produces  upon  plants  efi'ects  comparable 
to  those  produced  by  sun-light.* 

837.  Temperatore  and  assimilation  proper.  In  certain  cases 
the  minimum  temperature  at  which  assimilation  can  take  place  is 
only  slightly  above  the  freezing-point  of  water.  Boussingault  ^ 
found  that  the  leaves  of  the  larch  decompose  carbonic  acid  at 
a  temperature  of  from  0°.5-2°.5  C. ;  while  Kraus^  gives  the 

.    ^  M(*ni.  pres.  par  divers  SavanH,  k  I'lnstitut  des  Sciences,  tome  i.,  1806, 
p.  833,  and  Physiologic  vegetale,  1832,  p.  131. 

Biot,  in  1840  (Froriep's  Notizen,  xiii.  10),  when  measuring,  in  Spain,  the 
length  of  a  degree  of  latitude,  found  that  the  light  from  the  powerful  signal- 
ling apparatus  used  was  not  sufficient  to  cause  any  evolution  of  gas  from  sub- 
merged plants  of  Agave  Americana. 

*  Prillieux :  Comptes  Rcndus,  Ixix.,  1869,  p.  408. 

*  Heinrich  :  Versuchs-Stationen,  xiii.,  1871,  p.  153. 

*  Annales  Agrononiiqnes,  tome  vii.,  1881,  p.  385. 

*  Proceedings  of  the  Royal  Society,  xxx.,  pp.  210,  295,  and  Report  of  the 
British  Association  for  the  A<lvanceruent  of  Science,  1881,  p.  474. 

*  Ann.  des  Sc.  nat.,  ser.  5,  tome  x.,  1868,  p.  336. 

^  Kraus  (Pringsh.  Jahrb.,  vii.,  p.  622)  plac^  seedlings  of  Lepidium  sativum 
in  the  dim  light  of  the  liack  of  a  i-oom,  where  after  six  days  the  cotyledons 
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mtiiimum  temixratiii-e  for  essimilation  l)y  Anadmi-is,  Lepidiura. 
ami  Ik'iula  as  a''-5°  C. ;  and  Hciurtcb '  gives  it  as  2°.5-J*.5  C. 
for  Ilottoiiia. 

TliG  mttximum  tompcmture  at  wbicli  assimilnlion  can  occur 
in  Anadiaris '  is  Itctwevii  4.1"  ami  oO°  C. ;  in  liottotiia,'  just  be- 
low 56°  C. 

The  optimum'  lemixiratiire  for  Uottonia  ap[>cara  to  be  not 
far  from  31°  C. 


allowed  no  tnu'e  oftbuvli.  The  pUnts  were  then  dintribatril  in  three  rtnitii 
of  the  tcmpenitunu  uientuiUEd  ia  the  aDoeXL'J  tuble,  and  with  the  resulta  then 
dvtailed :  — 


A^r 

ij'«-i3°.ia 

IP,« 

^C. 

0'J-0°-(HJ, 

thlHU. 

Noitunli 

Id  tlie  vblurujiliyll  c«ll>  on  Uia 

ID»Igll>ofIliebl>T(». 

SUrcb  Ki  (hg  wlwlB  av,  uuftna, 

■IHl  p«li<,lo. 

Sfaoan. 

3Un:li  In  Ilia  wtiuta  uppur  Iwirof 

iiu)ii»r. 

Tip  Bnd  nuT 

.«lK,wld, 

" 

IS  boon. 

TLB  wbola  leBfamlidBed  Mucb. 

H*n^D  with 
BtoorJlbU 

mocb,  Bur- 
IkrtureU. 

■ 

■  Veimchs-Stationen,  liii.,  1871,  p.  130. 

"  Schutienberger  and  Quini)u>ud  ;  Compten  Reodiu,  IixrU.,  1873,  p.  272. 

*  Heiurich:  Vemicha-Stationen,  liiL,  1871,  p.  134. 

'  Hcinrich's  figure*  nt  no  initnictive  th«  llwy  are  here  pRsenlnl  In  the 
following  table,  which  givea  the  nnmber  of  babbles  of  gu  paaging  olT  from  the 

cut  luiTace  of  iingle  leavra  of  Hotloaia  during  the  sjmcu  of  lira  iiuduIus  : 

IWnp.C."  M(i.arbDbbl<a. 

11 145-lBO         ^-«-r-»^ 

12 iso~iGo   /^Sy^*/* 

" 215-  /V^>V    ^^ 

" 245-2S5  /wV35\    : 

*1 ,     .     .     .  325-380   CA  ^fPiif, 

« 875-  \oV-^VK- 

M 3flO-t50       ^-/l/UV' 

81  647-5S0 

" 42(KiI7 

*> 225-2r.5 

w iiii-aao 

M 0 

Tba  student  must  be  reminded  that  the  umount  of  ga  which  eonm  off 
D  thii  expciimeDt  with  aubinerged  plants  ia  not  an  'mrt  nieamM  of  the 


31H 
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838.  The  amount  of  carbonic  add  unfavorable  ta  assiiullBtion. 
ExiwriiutntB  uimle  by  Haussure'  at  Llie  beginning  uf  ibia  txn- 
tuiy  prosfii  bi'joud  iinestion  thai  iikiits  aii?  not  loU-raiit  of  on 
aliuospbcic  toiitaining  a  lai^ge  i>ioiK)itioo  o[  carbonic  aciil.  lu 
[iarboiiic  acid  alone,  or  vvvn  in  an  atniosplierc  coiilnining  C6 
l>er  eeut  of  this  gas,  vt-getation  was  spetdily  destrojed.  It  was 
eliown,  however,  that  it'  the  plants  were  esiwsed  to  fiill  liylit, 
they  L-otild  sustain  8  per  Li^iit  of  <.-ai'l)onic  acid  without  injurj'. 
ISaussiii'e  tliouglit  that  tlic  pi-eaonce  of  free  osygcn  is  necessary 
tu  thu  assimilative  work  of  the  leuf. 

839.  In  1849,  Daulicny  '  carried  on  an  estcnsive  series  of  re- 
scarclics,  chielly  upon  plants  allied  tu  the  dominant  vcgetatJou 
of  the  Carboniferous  [jerioti,  tinmcly,  furua  ami  their  allies,  from 
wliieh  it  ap|}cared  that  even  for  these  plants  an  amount  of  car- 
bonic acid  above  10  per  oeiit  ia  injurious.  Five  species  were 
placed  in  a  rccepbiclc  containing  about  40  liters  of  air,  and  to 
ttiis  air  was  added  one  pev  cent  of  carbonic  acid,  and  also  one 
])er  cent  daily  thereafter,  until  the  amount  present  readied  30 
per  cent.  This  proiwrlion  was  kept  for  twenty  days,  small 
amounts  being  added,  as  occasion  required,  to  make  up  for  loss 
by  leakage.  Ou  the  thirteenth  day  a  sensible  imjiairment  of 
the  planu  was  noticed ;  and  at  the  end  of  thirty  days  all  of 
them  had  been  moi-c  ur  less  damaged,  most  having  lost  their 
fionda. 

840.  Bonasingault,*  in  18G4,  conduetc<l  a  series  of  experi- 
ments in  order  to  aBceJ'tain  whetlier  the  presence  of  free  oxygen 
in  an  atmosphere  containing  birl>unic  acid  is  necessary  to  the 
work  of  assimilation.  The  results  of  his  reseaielics  ai'e  given 
09  follows :  — 

(1)  Leaves  exposed  to  sunlight,  in  pure  carltonic  acid,  do  not 
decompose  this  gas,  or  if  at  all,  lery  slowly. 

(2)  Leaves  exposed  to  sunlight  in  an  atuiusphere  containing 
B  mixture  of  corainou  air  and  earbonic  acid  decompose  the 
latter  gaa  rapidly  ;  but  the  oxygen  of  the  air  bus  no  part  in  this 
operation,  since, 

(3)  Leaves  exposed  to  sunlight  rapidly  decompose  carbonic 
acid  gas  when  this  gas  is  rni.ved  willi  nitrogen,  hydrogen,  car- 
bonic oxide,  or  carburett«d  hydrogen. 

'  8a(uaure:  RtvliBrchps  chimir|iiea  siir  In  veguUtioii  (rHris,  1S04),  p.  28. 
An  earlier  expurimciil  wa*  ius'Ib  bj  ren:i»'Bl. 

«  Report  of  British  AsBodirticni.  1849,  p.  58 ;  nud  18B0,  p.  I5S. 
>  AgronoiDiu,  iv.,  1869,  p.  301. 
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94 1 .  Thu  MDOunt  of  rarbonfc  seid  most  ftTorable  to  ugimlUtlon. 
The  reBults  ol'  lite  most  exliausti\e  stiMly  of  the  amount  of  car- 
Imnic  at-icl  most  favoralile  to  assimilalion  Iiuvp  been  gheii  by 
llieir  n-i-onler  as  follows:  — 

(1)  Inirca^c  in  llic  amount  of  carbonic  acid  iti  tlie  air,  up  to 
n  certain  limit  (tlie  nplimnm),  fuvora  tlie  evolution  of  osjgen 
by  plants ;  Iwyoml  tliis  it  is  more  or  leas  itiJuriouH. 

(2)  Tlie  oiitimnm  of  earbonic  nt-id  is  difTerent  for  different 
platils:  for  Oljcerift  B[iect«bili9  on  clear  days  it  ia  lietween  8 
and  lU  per  cent ;  for  Typha  latifolia,  between  5  and  7  per  cent ; 
for  Oleftndf  r.  somewliat  less. 

(.t)  Any  given  inereaso  in  the  amount  of  carlwnic  acid  Iwlow 
tlie  optimum  favors  Uie  evolnlion  of  oxygen  far  raoi-e  than  a 
similar  increase  almve  the  optimum  hinders  it. 

{A)  Tlic  stmnger  the  Intinisity  of  tlie  light  tlie  more  tlie  evolu- 
tion of  oxygen  is  favoret!  by  inereaso  in  tlie  amount  of  carbonic 
add  up  to  tlie  optimum ;  and  when  this  limit  is  passed  tlie 
evolution  ia  vheeke<l  so  nincli  the  less. 

(.>>  From  (4)  it  follows  that  the  iuQnenee  of  the  intensity  of 
the  light  on  the  evolnti'in  of  oxygen  ia  greater  in  proportion  to 
the  nmonnt  of  carbonic  acid  in  the  air. 

1^42.  Ratio  of  the  0!t)rpn  pvolved  bj  plants  In  the  carbonic  actd 
decompoHTd.  The  voliinie  of  oxygen  evolved  by  pliints  dnring 
aasimiliitioi)  [iroper  is  very  nearly  that  of  the  carlMiuic  acid 
decvmiijosed.' 

Numerous  ex|>erimenls  by  Bousslngault  exhibit  this  relation 
in  a  very  striking  manner,  In  forty-one  exi>eriinent4  the  volume 
of  carlxinic  acid  was  to  that  of  the  oxygen  set  ft«e  as  100 :  98.7. 

'  SoBMurr  (B'-piiprclir*  cMniiqiifli  nur  In  T^tNtinn,  IBOi,  fip.  tO,  SB)  li 
ir^nleil  na  Uin  flrnt  lo  indiotU  ihin.  H"  arriieil  at  tliin  ronrtiision  by  experi- 
nipntiatc  "P""  0  mnaber  of  pUtit>  nnili-r  •tilfennt  con<litinn«.  Hia  lint  nconlnl 
pipfriniPiit  runsutnl  in  ■arrouinliu;!  Mien  plants  of  Vium  <Pcriwinklr-)  with 
■II  ■tminiilip™  TOTiUiTilii);  k  kiiavn  i]<ifloCit]r  of  Pnttionlp  tdii  pi».  The  jiUnlt 
were  cx{>a9ril  lo  mnl^ht  frinii  Rrc  tn  einrrn  o't^In^lc  id  Ilis  mnnung  for  aii 
ilnys,  a-Tut  which  die  *ir  in  thi-  Irll-jir  vnu  piiuniiinl. 

Air  In  tlwjtr  Air  In  Uiajw 

NitrngRti 41Uti  cubir  cent.      ■     .     4339  cubic  cvni, 

Onyg-m       .      .  .      .      1116  '■  .     ,     1408  " 

Cirl«nic  a.l.i      ...       431  "  .     .  0  " 

Tot«l  volumo       .     .     .     E74a  "  .     .     5748 

Saiiuim-'s  ronclusioii  J*  [hat  plnnti,  in  il«iftii]><R>iii|t  carbonic  xdit,  isMnii- 
late  A  |Hrt  iif  llii>  uxygpii  giu  Iherrin  coiitflineil,  >nil,  (lirtht>r.  th&l  the  ■mount 
of  rjtrbon  rtitaiiud  by  tbo  plant  hears  n  ilclinitc  rrlatioii  to  the  ■nionnt  of  00^ 
Ukvn  nplijU 
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The  following  table  by  Boussingnult '  is  very  instnictive,  as  it 
shows  the  relation  of  volume  between  the  amount  of  carbonic 
acid  consumed  and  the  oxygen  evolved  in  assimilation  ;  and 
also  the  decomiX)sing  power  of  various  kinds  of  plants  under 
dilferent  conditions.^ 


CO,  (liMAp- 

(leariiig. 

Oxygen 

IMme  of 

Surface 

CO,  <lecomp"i»ed 

Constitu- 

rianU. 

apiiear- 

ex|N«iire 

of 

|H;r  Njiiaru  deci- 

tion of  at- 

Ing. 

to  light. 

leaves. 

meter  each  hour.!  mo»phere. 

c.  c. 

c.  c. 

b.  m. 

cm.  tq. 

c.  c. 

Cherry  laurel 

52 

6.9 

4   0 

134 

.8 

CO, 

*i 

23.2 

229 

4   0 

124 

4.7 

CO,  +  air. 

«< 

4. 

4.5 

4   0 

90 

10 

CO, 

u 

19.6 

19  9 

4   0 

90 

5JS 

CO, -fair. 

Pine 

13.0 

13.0 

7   0 

204 

.9 

CO, 

«« 

18.1 

17.8 

7   0 

204 

1.3 

CO,  -f  air. 

Oak 

4.9 

4.0 

4   0 

224 

.5 

CO, 

tt 

25. 

24.7 

4   0 

224 

2.8 

CO,  +  air. 

Holly 

5.1 

4.9 

5   30 

52 

1.8 

n 

Mi»tletoe 

9.9 

99 

5   0 

100 

2. 

t« 

843.  The  gas  emitted  during  the  process  of  assimilation  pro[)er 
is  not  pure  oxygen.  Both  Dauben}-*  and  Draper*  found  varia- 
ble amounts  of  nitrogen  in  all  the  cases  examined  by  them. 

844.  1^'hat  are  tlie  products  of  assimilation  proper!  It  has 
now  been  shown  under  what  c*onditions  the  green  tissues  of  a 
plant  decomix)se  carlx)nic  acid  and  evolve  oxygen.*  As  the 
chief  result  of  this  decomposition  and  its  associated  processes, 
there  is  formed  within  the  cells  which  t*ontain  chlorophyll  a  carbo- 
hvdrate  of  some  kind.  This  carbohvdratc  contains  the  same 
elements  as  the  carl>onic  acid  and  the  water  from  which  it  was 
produced,  but  it  contxiins  less  oxygen  than  the  total  amount 
found  in  those  substances  taken  together.  Hence  the  process 
of  assimilation  is  essentially*  one  of  reduction.  There  is,  how- 
ever, no  substantial  agreement  as  to  the  nature  or  constitution 
of  the  primary  carbohydrate  fonned  by  it. 

The  difficult}'  which  attends  tlie  investigation  of  assimilation 

*  Agroiiomie,  iv.,  1868,  p.  286. 

*  A  well-known  relation  of  volume  between  oxygen  and  carbonic  acid  may 
here  be  i)ointe<lout ;  namely,  that  **  free  oxygen  occupies  the  same  bulk  as  the 
carl)onic  acid  produced  by  uniting  it  with  carlwn." 

*  Pliilosophieal  Transactions,  1836. 

*  **  III  every  instance  which  I  have  examined,  the  gas  evolved  from  leaves 
is  not  pure  oxygen,  but  a  variable  mixture  of  oxygen  and  niti-ogen.  Tliis  result 
is  of  uniform  occurrence"  (('ht*n)istry  of  Plants,  1844,  p.  182). 

*  For  an  account  of  the  transient  evohition  of  oxygen  under  exceptional 
circumstances  where  carbonic  acid  is  uot  present,  see  Miiller's  Handbuch  der 
Botanik,  1880. 
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!a  appareut  at  a  glance.  The  rav  matcnals,  the  spparatiia, 
and  the  iiUiinalu  piixliieLs  of  iiiantiractiin;  uiv  known  ;  but  tlie 
intermcuiiatc  priK-cssoa  by  whk-li  ililoi'oiiliyll  grnimlfa  miclt 
infliR-nro  of  uertain  ruys  or  li^lit  can  i.-aitsv  IIik  ilisMx-iati 
cnrlion  fntm  tlie  nxjgcn  willi  wliidi  it  is  comliiDu'd  in  carl>oma 
acid,  and  brinj;  al>out  the  evDtlK'sis  of  an  organit^  aiiljstaiice  rrom 
mulcrids  wholly  inorganic,  are  not  at  [nveent  known. 

845.  The  wide  flrld  which  the  nyiillic^iit  of  oi-ganiu  n-oin  inor- 
ganiu  matter  opens  to  conjecture  lias  not  been  led  unoccii{)ie<l. 
It  is  generally  admitted  that  in  assimilation  there  is  first  formed 
some  temnnj  substance,  namely,  one  which  contains  the  three 
tlementA,  cArhon,  hjdi'O'fen,  and  oxygen;  and  liirUier,  that 
tliia  contains  less  oxygen  tiian  tlie  two  inorganic  matters,  car- 
Imnie  acid  and  water,  from  whieii  it  is  produced,  taken  to* 
gcUior.  Kxactly  what  the  ternary  subslnnco  is,  or  how  Lh« 
dissociation  or  reilnction  is  earnest  on  iu  the  ehloi'opUyll  graDule. 
is  Rlill  loll  in  doiilit. 

84G.  Starch  (t^'cl'u'^i)  '^  ^>°  '^'^^  vinihle  product  of  assimila- 
tion, as  was  first  tainted  ont  liy  Sticba  in  l«(i2.'  AlUiough 
Stiehs  appears  to  have  hclil  at  one  time  tlial  it  is  the  first  pro- 
dnct,  his  Inter  expressions  arc  more  gnarded,  and  simply  state 
the  fact  iiniversulty  adtnittetl,  namely,  that  starch  is  the  first 
pru<lnct  which  the  microscope  caa  detect.  When  a  seedling  liaa 
been  kept  for  a  time  in  a  dimly  lighted  room,  its  cotyledons  and 
other  leaves  grow  pale  or  etiolated,  and  if  they  are  examined 
for  fltnrcli,  no  trace  of  it  will  Iw  found.  But  upon  a  very  short 
exposure  of  the  plant  to  the  direct  raja  of  the  sun,  provide^l  the 
other  conditions  are  favorable,  a  certain  amount  of  staix;b  will 
appear  in  the  chlorophyll  granulee  of  the  cells  at  the  margin  of 
the  leaves.  If  tlie  plant  is  again  witlidrawn  from  the  light,  its 
Bcanly  store  of  starch  is  sjieedily  consumed,  but  on  renewed  in- 
solation the  loss  is  made  good ;  this  process  can  be  re[Mjated 
many  times.  From  the  constant  ap|icarancu  of  starcli  in  Uie 
chlorophyll  gmiiitles  ninlcr  the  above  circumstances  it  has  liecn 
generally  rcc-ognized  as  tlio  first  visible  prothict  of  assimilation 
proper.  But  it  has  obviously  such  a  complex  molecular  struc- 
ture that  chemisLs  arc  unwilling  to  believe  that  its  formation  in 
the  plant  is  not  preceded  by  the  production  of  some  simpler 
sniistauce.  Furtliennore.  there  are  a  few  cases  in  which  oil 
replaces  starch  as  the  first  visible  proihict,  thus  indicating  that 
there  may  t»e  some  earlier  proiluct  possibij'  common  to  both. 

1  BotuuMJut  ZeiVax^  ISd3  i  rion,  1863. 
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847.  Glacose.  It  is  held  by  some  that  this  product  is  glucose 
(C^HjjO,;)  or  some  substance  having  the  same  atomic  propor- 
tions of  tlicse  elements.  Earh*  and  not  well-defined  views  in 
regard  to  glucose  may  be  replaced  hy  the  following  statement  of 
a  theor}*  widely  taught. 

848.  Formic  aldehjde  hjrpothesis.  According  to  Gautier,^ 
chlorophyll  exists  in  two  conditions,  white  chlorophyll^  rich  in 
hydrogen,  and  green  chlorophyll^  \yooveT  in  this  element  By  his 
h3'|)othesis  the  yellow  ra3'  absorbed  by  the  assimilating  tissues 
fuimishes  a  certain  amount  of  energ}'  which  is  partially*  con- 
verted into  heat,  and  promotes  evai>oration  of  water  (transpira- 
tion) ;  and  at  the  same  time  it  |)ennits  the  chlorophyll  granule  to 
decom|X>se  the  water  with  which  the  protoplasmic  mass  is  satu- 
rated.    In  the  presence  of  CO^,  and  H.^O  the  reducing  process 

'^ives  rise  to  formic  acid  (CII^O^,  which  in  its  turn  is  reduced  to 
formic  (or  meth^  lie)  aldehyde,  CII^O.  The  latter  has  the  same 
atomic  proportions  as  glucose  (CgH,.jOy) . 

849.  Whether,  in  assimilation,  the  ternarA'  substance  be  for- 
mic aldehyde,  or  glucose,  or  starch,  it  is  certainly  a  substance 
capable  of  undergoing  further  oxidation,  and  hence,  chemically 
speaking,  an  unsaturated  com|)ound.  When  this  unsaturated 
com[K>und  is  oxidized,*  a  definite  amount  of  energy  of  motion 
is  set  free,  and  this  is  manifested  to  us  under  one  of  its  many 
phases,  namely :  ( 1 )  movements  of  the  whole  plant,  as  in  some 
of  the  lowest  organisms ;  (2)  movements  of  liquids  within  the 
plant,  as  in  the  transfer  of  matter  to  |K)ints  of  consumption ; 
(3)  heat;  (4)  electrical  disturbances,  and  all  the  i)roper  vital 
activities  coiTclatod  with  these.  The  enei-gy  of  motion  in  solar 
radiance  is  treasured  for  a  time  in  the  ternary  and  derivative 
products,  thence  to  l)e  released  as  occasion  R»quires. 

850.  It  is  proi>er  to  refer  at  this  point  to  a  novel  view  in 
regard  to  the  protluct  of  assimilaticm  which  has  received  much 
adverse  criticism  ;  namely,  that  of  Pringsheim.*  Attention  has 
already-  Inien  called  to  the  interesting  observations  by  this  lx>ta- 
nist  on  the  constitution  of  chlon>phyll  granules.  In  prosecuting 
his  investigations  he  became  convinced  that  the  peculiar  colored 
substance  which  is  extnided  from  the  granules  under  the  influ- 
ence of  certain  agents  is  a  product  of  assimilation.  To  this 
product  he  gave  the  name  hypochlorin.   According  to  him,  when 


*  1*1  Chimio  des  Plantt'S.     Revue  Scieiitifiquo,  FcK  10,  1877,  p.  767. 

*  Comiiare  Claudo  Hemard,  Ii<»<^n8  sur  les  Ph^iionieues  de  la  Vic,  1878. 
«  Jahrh.,  xii.,  1879-1881,  p.  288. 
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mny  acti\-e  cells  coulAiiting  i^hlorophyU  granules  are  aubjoctcd 
to  conditions  favoralile  to  uBsiuiilalion,  hyiioi-lilurin  is  Tonneil 
in  considerable  amount;  but  vrlicn  tho  i-unditiiins  for  asaimi- 
laljon  ai-e  not  [iresent,  only  traces  of  it  ai-e  produt-ed.  Priugs- 
Lciin  lucd  nn  entirelj' novt'l  metliod  of  cx|)<.'riincnt1ng;  naiuclj', 
ILat  of  subjecting  the  cliloiuijliyll  granuk-s  tu  llie  action  of 
intense  light  fioni  irliii-li  the  hi-at  ritys  liud  Ih>(<u  extracted  as 
perfectly  na  tx^ssil)lc ;  and  umkr  tlieac  tioiiditioris  lio  failed  to 
detect  any  liyimcliloiin,  but  observed  a  marked  increase  in  the 
amount  of  CO,  giveu  off  as  in  ordinary  respiration  (see  Chapter 
XI.).  Ucucc  he  arrived  at  tlic  conelusioa  tliat  assimilation 
l>ropcr  is  the  cliaraetciistic  otQcc  of  chlorophyll  granules  solely 
on  account  of  tlieir  pigment,  wliich  tempera  the  light  reaching 
Uiera.  Acconling  to  Lim,  the  pigment,  liy  lis  absorption  of  the 
so-called  chemical  rays,  ser\"eB  as  a  rfffiilaCori/  screen  gov- 
erning tlie  amount  of  light,  and  bo  controlling  the  amount  of 
respiration  and  iisaiiniUtiou  proper. 

651.  OoUlne  of  the  carlj'  history  of  asslmlladoa.  The  follow- 
ing extracts  Aom  Uie  works  of  eaily  expcrirncntem  upon  the 
relations  of  ^rcen  kavea  to  the  atiuos[)here  show  the  manner  in 
which  the  problem  of  assimilation  was  llrst  attackml. 

d$i.  FHcstlcy'  discovered  in  1771*  tliat  air  in  which  candles 
can  no  longer  burn,  and  which  is  irrespirable,  can  be  restored  to 
its  original  condition  by  the  presence  in  it,  for  a  time,  of  vig- 
orous plants.    The  account  below  is  given  in  his  own  woixU : 

"  Finding  that  caiKllea  woidd  burn  very  well  in  air  in  which  plants 
had  grown  a  long  time,  and  having  hnd  some  reason  to  think,  that 
there  viaa  aoiiiptluiig  attending  v(tgi>taliun  which  ivfitored  air  tliat  had 
been  injured  l>y  respiration,  I  thought  it  was  possible  that  the  same 


■  EiperimvaU  and  ObaervBtlons  on  DiOerent  Kinds  of  Air  (3d  editioa, 
1781),  p.  61. 

*  lu  1751  Bonnet  publiaheil  hia  olMcrvitiona  u[Kiit  the  Iwhaiior  of  leaTBB 
iu  iratcr.  It  i»  well  linown  thnt  when  grccu  Inivva  are  iiinneranl  in  water  and 
eijiowd  tu  hutdight  fnr  A  timn,  bubbles  of  air  ajiprar  an  Ilieir  anrface.  Bnnnvt 
tnlieved  ihat  Uie  Ikuvcs  drew  coniniou  ur  froui  the  vmtvr  and  lliU  sn-ellvil  iulo 
consiiicuoiu  bubble^  undtr  the  heat  of  the  sun.  He  wm  conflrninl  iu  thia 
belief  u[iou  asi^nainiiig  thut  Imlibles  did  nnt  >|>|>>tiir  on  gnwu  Iwitw  ei- 
poi-d  in  water  wbicU  hua  been  boileil  to  eapol  the  air  (Rccbercbm  nir  I'nwga 
dea  Peuillea  dnnn  les  Plaiitca,  |>.  Sli).  If  we  consider  the  stale  of  chenrioU 
acietice  at  (lie  tune  of  BonnBt's  ruMn'bet,  iiia  Error  is  in  no  wi»  Mirpri«tig. 
It  is  now  known  that  the  babUt'»  v/hw\x  Bonnet  took  to  bu  air  are  nearly 
pure  oxygen  nliich  osnipes  aa  a  hy.priHliirt  of  aasimilation.  But  front  water 
which  bu  been  boiliid,  all  the  carlunic  neid  essential  to  assiniilatioD  has  Levn 
expelled. 


4 


324  ASSIMILATION. 

process  might  also  restore  the  air  that  had  been  injured  by  the  burning 
of  candles. 

**  Accordingly  on  the  17th  of  August,  1771, 1  put  a  sprig  of  mint  into 
a  quantity  of  air,  in  which  a  wax  candle  had  burned  out,  and  found 
that,  on  the  27th  of  the  same  month,  another  candle  burned  perfectly 
well  in  it.  This  experiment  I  repeated,  without  the  least  variation  in 
the  event,  not  less  than  eight  or  ten  times  in  tlie  remainder  of  the 
summer.^ 

**  Several  times  I  divided  the  quantity  of  air  in  which  the  candle 
had  burned  out,  into  two  parts,  and  putting  the  plant  into  one  of  them, 
left  the  other  in  the  same  exposure,  contained  also  in  a  glass  vessel 
immersed  in  water,  but  without  any  plant;  and  never  failed  to  find 
that  a  candle  would  burn  in  the  former,  but  not  in  the  latter.  I  gen- 
erally found  that  five  or  six  days  were  sufficient  to  restore  this  air,  when 
the  plant  was  in  its  vigour;  whereas  I  have  kept  this  kind  of  air  in  glass 
vessels  immei'sed  in  water  many  months  without  being  able  to  i)erceive 
that  the  least  alteration  had  been  maile  in  it." 

853.  Ingenhonsz  in  1779  showed  that  light  is  necessary  to 
assimilation.  He  proved  experimentally  that  the  purification 
of  air  does  not  go  on  in  darkness,  but  that  light  is  essential. 
His  statements  are  here  given :  — 

'*  Plants  not  only  have  a  faculty  to  correct  bad  air  in  six  or  ten  days, 
by  growing  in  it,  as  the  experiments  of  Dr.  Priestley  indicate,  but  they 
perform  this  important  office  in  a  complete  manner  in  a  few  hours. 
This  wonderful  operation  is  by  no  means  owing  to  the  vegetation  of 
the  plant,  but  to  the  influence  of  the  light  of  the  sun  upon  the  plant. 
.  .  .  This  operation  of  plants  diminishes  towards  the  close  of  the  day, 
and  ceases  entirely  at  sunset,  except  in  a  few  plants  which  continue 
this  duty  somewhat  longer  than  others.  This  office  is  not  performed 
by  the  whole  plant,  but  only  by  the  leaves  and  the  green  stalks  that 
support  them.  Acrid,  ill-scented,  and  even  the  most  poisonous  plants 
perform  this  office  in  common  with  the  mildest  and  the  most  salutary."  * 

1  Priestley  thought  that  this  effect  upon  the  air  is  due  to  the  growth  of  the 
plant,  an  idea  which  will  be  shown  in  Chapter  XII.  to  1)e  wholly  erroneous.  On 
pages  50  and  52  of  the  volume  quoted  above  are  the  following  statements : 
**  One  might  have  imagined  that  since  common  air  is  necessary  to  vegetable,  as 
well  as  to  animal  life,  both  ])lants  and  animals  had  affected  it  in  the  same  man- 
ner ;  and  I  own  1  hud  that  expectation  when  I  first  put  a  sprig  of  mint  into  a 
glass  jar  standing  inverted  in  a  vessel  of  water  :  but  when  it  had  continued 
growing  there  for  some  months  I  found  that  the  air  would  neither  extinguish  a 
candle  nor  was  it  at  all  inconvenient  to  a  mouse  which  I  put  into  it.  .  .  .  This 
restoration  of  the  air,  I  found,  deiwnded  n|H)n  the  vegetating  sf/itc  of  the  plant ; 
for  thouj;h  1  kept  a  grout  number  of  the  fresh  leaves  of  mint  in  a  small  quan- 
tity of  air  in  w]ii<-li  cantlles  ha<l  Imrned  out,  and  elianged  them  frequently,  for 
a  long  spaee  of  time,  1  could  jierceivo  no  melioration  in  the  state  of  the  air." 

2  ExiKjriments  ui»on  Vegetables,  discovering  their  great  Power  of  purifying 
the  Common  Air  in  the  Sun-shine,  1779,  p.  xxxiii. 


APPBOPEIATIOS   OF   NITBOQES. 


325 


854.  Sencblrr '  first  dcmonstrati'd  that  plauts  obtain  all  tlieir 
oarlion  from  i-urbonio  acid  gsa. 

855.  TIml  ik'flitiliO  quantitative  rolalioiia  exi«t  lietweon  the 
amounts  of  inrljunii;  at-iil  ilecoiniH)sc<l,  eHiltoo  ictaiiicil,  ami  uxj- 
gen  evolved  liy  Hit  plant,  w:is  llist  iioiiilLft  out  by  Sanwore.' 

APPROPRIATION    OF   NITUOGEN. 

85li.  It  has  been  shown  that  all  land  anil  many  water  plants 
L-onttiLii  a  vitmblc  amount  of  air  in  tlii^ir  tissues,  diiefly  in  thu 
intfrc-clliilar  spaues  and  older  nimlifieil  tells  (traHicIds,  traciieiei 
ct<^'.).  Wlii^n  llieri^  is  nn  ai-tivu  iiiU<rdmn^e  of  gases  l)y  any 
plant,  a  portion  of  the  nitrogen  contuini-tl  in  its  included  air  is 
very  likely  to  l»e  eliminatul.  A  trnec  of  niti-ogen  is  so  generally 
found  with  tlic  oxygen  evolved  during  assiniilatluo  proiJcr.  that 
ttiia  lias  been  regarded  by  some  as  a  eonslaiit  acoumpanimeut 
of  the  assimilative  process. 

857.  Amunnt  of  nltroKea  In  tbn  pUnt.  Besides  tiic  free  iiiti-o- 
gen  whieh  constitutes  a  part  of  the  included  air  of  tlie  plant, 
there  is  a  certain  amount  of  combined  nitrogen  alwajs  present 
in  Hi'live  cells  as  an  cssuntinl  eomijonent  of  their  living  miitt^M'. 
The  protoplasiiiiu  matters  in  plants  contiun  alioiit  15  jkt  cent  of 
nilri^en  in  co in bi nation.  For  all  practical  pinposes  they  may 
be  n^nrded  as  having  ehernically  a  oommon  albuminons*  basis 
(roughly  coniparaltle  to  the  whit^  of  egg),  with  nliieh  (as  has 


•  M^moires  PltynM-diyinlqucs,  1782. 
ManjrorSrnelHvr'aolMnTttiniisiire  ulriKnt  i.lfnlicnl  with  thoM  of  Ingen- 

haiiu  (us  Kivoii  ill  his  "  Nutrition  of  Plmits  "J,  nnd  it  hHs  bncn  lliooi^t  by 
■onw  IliHl  tli«  |iriority  at  the  nbove  lUwwri'rj'  buloogi  riftbtfully  to  the  Utter. 
It  ix  to  Iki  rrnipnibctvil  that  ftt  the  ibl'  it  which  both  of  these  eijieHrni'Dlera 
were  WDrkiiig,  chcmiHts  w?rc  jiiat  brginiiiiiK  In  araiuin,  tlirongh  tha  Btadia 
of  f,«roiKiiT.  «l«r  niitions  in  rrgiir<\  to  tbo  imiioituit  purt  which  oxyj.'ei) 
plkyi,  mill  thiit  in  tlicHrly  jiart  of  tliis  transition  penM  «n  oliwurK  niniten- 
clatiiiQ  niiilrn  it  ililUi^iilt  to  Hpportimi  lo  evli  of  thusi>  obscrrerB  his  proper 
ihAW  of  rrwlit. 

*  Itechprclic*  eliinii(|n«s  mir  In  vi'gt'lation,  ISOt. 

S»ni«  uf  thi<  fliilioni  •>!  light  U>  tho  proems  of  Jis.-onipnmtion  of  carbonic 
«cid  l>)r  gmn  pnrtn  of  jitniits  were  Snt  iudiotod  by  Dauliriiy,  ami  rnrtlii-r  ex- 
aminuil  |iy  DrHiwr.  Tlir  «n1w|iii'ijt  history  of  ■wrimilitiun,  to  whioh  Snchi, 
PfpHM'.  Knplniinii,  aail  many  othern  have  eontribnteit,  bu  lieen  rerorred  to 
in  the  text  sad  in  citationa  In  the  notcj. 

■  Attention  muy  again  be  uillwl  to  iIie  eaijuus  expressions  employnl  to 
ddlgnato  the  c«ni|>auiitL(  iu  the  phiut  which  nwnibls  alliinnin,  and  wliith 
IwTi)  bssu  (.'uUnilivslj  termed  albuminoids.    Authon  irnit  made  ■  disUuottoa 
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been  seen  on  page  197)  there  is  always  intermingled  an  incon- 
stant amount  of  carbohydrates,  or  proper  food-materials,  etc. 
At  different  stages  in  the  life  of  a  cell  its  protoplasmic  matters 
ma}'  pass  through  considerable  changes  of  form  and  structure, 
as  indicated  in  an  examination  of  a  ripening  seed  ;  but  under  all 
these  varying  conditions  nitrogen  in  combination  is  never  absent 
from  the  living  substance  of  the  plant. 

858.  For  tbe  formation  of  new  protoplasmic  matters  in  the 
plant,  supplies  of  nitrogen  in  an  available  form  must  be  fur- 
nished ;  for  healthful  growth,  these  supplies  must  be  adequate 
in  amount. 

859.  Dissolved  albuminous  matters  of  various  kinds  are  met 
with  in  the  sap  of  some  cells.  This  in  man}'  cases  appears  to 
be,  as  will  be  shown  later,  a  form  in  which  their  ti*ansix)rt  from 
one  part  of  the  plant  to  another  is  secured.  A  small  number  of 
tliese  albuminous  substances  have  been  shown  to  be  ferments, 
which  play  a  very  important  part  in  the  nutrition  of  the  plant. 

8G0.  Although  by  far  the  greater  part  of  the  combined  nitro- 
gen of  the  plant  exists  in  one  or  more  of  the  combinations  men- 
tioned in  Chapter  XI.,  there  is  often  to  be  detected  a  small  and 
variable  amount  as  a  nitrate  ^  (generally  potassic) ,  and  even  as 
a  salt  of  ammonia. 


between  certain  group!*  of  these  bodies  as  they  are  represented  in  the  animal 
kingtloni,  dividing  them  into  (1)  albuminous  nuitters  and  (2)  their  derivatives 
or  albuminoids  (see  Gorup-Besanez,  I>ehrbuch  der  Chemie,  iii.,  1874,  p.  115). 
Although  the  latter  tenn,  witliout  the  restriction  here  noted,  is  in  common 
use  in  vegetable  physiology  to  designate  these  bodies,  an  objection  can  justly 
be  urgeil  against  its  employment,  on  account  of  the  more  common  use  in 
botany  of  the  word  albumen  with  an  entirely  ditferent  bignificatiou  (see  Volume 
I.  p.  ii). 

In  1838  Mulder  published  the  theory  that  all  these  Iwdies  are  practically 
derivatives  from  one  substance,  termed  by  him  proteine  (from  rpcart^,  to  be 
first)  ;  but  it  was  soon  sliown  that  this  theory  was  erroneous,  and  it  has  been 
generally  abandoned.  The  term  introtluced  by  Mulder  to  designate  the  hypo- 
thetical compound  common  to  all  these  bo<lies  has,  however,  been  since  em- 
jdoyed  to  conveniently  denote  the  whole  class.  In  UMug  the  convenient  term 
protein  Ijodies,  or  jtrtUcidSf  to  designate  the  membera  of  this  group,  it  must  not 
be  understood  that  the  abandoned  theory  of  Mulder  is  taken  into  account  at  all. 

*  For  the  detection  of  nitrates  the  following  test  nwy  be  employed :  To  a 
drop  of  the  sap  under  examination  add  a  dmp  of  a  solution  of  bnicine,  mix, 
and  then  add  a  few  drops  of  concentrated  sulphuiic  acid,  when,  if  a  nitrate  is 
I)i'esent,  a  re<l  color  will  appiiar.  Sprengel's  reaction  may  also  l)e  used  :  One 
part  of  phenol  is  dissolved  in  four  parts  of  concentrated  sulphuric  acid,  and  two 
parts  of  water  are  added.  If  a  drop  of  this  solution  is  addetl  to  a  solid  nitrate, 
a  fedilish  color  is  produced.  On  adding  strong  ammonia,  the  color  turns  groeu 
and  afterwards  yellow. 
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8G1.  There  cfln  be  foiinil  in  n  Invgc  nurnlicr  of  plants  a  smnll 
Bmoiiiit  or  certain  mattciH  termed  alkalouls.  nbiili  cunUiin  ft  ilefi- 
nitc  peruentugc  of  niti-ct^en.  Siieli  are  morphia  in  the  IJoppy, 
giiiiiia  in  Peruvian  Imilc.  caffeine  in  cofIi;e,  ele.  (see  961). 

8G2.  In  most  aiiulyees  tlie  cotnbined  nitrogen  of  the  plant  Is 
usually  rendered  aa  "  albiiiiiinoiJ."  The  percentages  in  a  few 
cases  are  licre  given : '  — 

R<h1  clorer,  Tiill  blowom S.T 

Siignr  beeW 8  to  1.0 

Cstnjt  nwl 1.5 

Cnrrot  Icoroi 3.3 

C«hl«is« I.S 

Winlcr  wlirit 1<<.0 

BMni(a<-lcl) 2J.S 

Api-lft. 2!  to  .52 

Of  these  amounls  alwiit  16  per  cent  nia.>'  be  roughly  cetimated 
as  the  L'oiitcnt  of  nitrogen.  Tberefoi'e  in  such  a  case  as  (ho 
carrot  root  above  mentioned,  the  total  amount  of  nili'ogeii  is 
really  very  small  (0.24  per  cent) ;  but.  the  presence  of  this  small 
)X!reentnge  is  absolutely  essential  to  the  liTc  as  well  as  to  tho 
health  of  the  plant. 

«G3.  Reserving  for  a  later  chapter  all  consideration  of  the 
numerous  oheniienl  trnnsrunnalions  which  nilrugcnoiis  matters 
may  undcigo  in  the  plant,  it  is  necessarj'  to  ask  now,  (I)  whence 
can  tlic  plant  obtain  adequate  supplies  of  available  nitrogen,  and 
(2)  how  can  the  plaut  appivpriate,  or,  to  use  an  cquivulent  term, 
assimilatii  thein. 

864.  Sonrcea  at  nitrogen  for  the  plant.  It  must  first  be  sliowa 
whence  nitrogcu  is  nol  supplied.  Tlie  /i'ee  nilroffen  of  the  at- 
mosphere does  not  np|iear  lo  be  directly  avuilahlc  for  plants. 
Although  most  of  tlie  higher  plants  jwaseas  an  aernliug  system 
(8f«  p.  aOU),  through  wliich  atmospheric  air  can  easily  enter  and 
traverse  the  plant  und  be  brouglit  into  contact  with  (tie  tissues, 
the  nitrogen  which  forms  so  hki-ge  a  part  of  the  atmosphere  is 
not  utilized.  This  is  the  iiiterpi\:tulion  of  exijeriments  in  cul- 
ture in  which  evi-ry  kind  of  combined  nitrt^eii  is  carefully  ex- 
dudeil  from  tho  plants  while  they  have,  at  tho  same  time  the 
five  nitrogen  of  tlie  atmoiipheit-  in  nn  unlimited  supply. 
665.   The  earliest*  systvuialiu  investigations  relative  to  the 

>  For  olhiir  ('iiw<  dm  Mildoiit  iilii>a)il  ooiiaull  ih"  tubles  in  tli«  Ap|>i?iiilix  la 
JohnMni'i  "  How  Croj»  Qruw."  ISS8,  |>p.  385-3S2. 

*  'I'll*  foUuwi>if[  ulUUuiw  nfi^r  lo  eitrli>;v  oWrvationi,  Rona  nf  whivh.  liaw> 
evvr,  can  hr  oonddi  ^-^  fiiril  an/  iinj<orl>Bt  point*  nUtive  tu  tlia  iu« 

of  ttOHMiihfne  ah  -  — 
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alwve  subject  wore  made  bv  Boussinganlt  lu  1837,*  who  em- 
plovtHi  the  following  method  :  In  calcine<i  soil,  supplied  with  dis- 
tilltHl  water,  aiul  having  fi-ee  access  of  air,  clover  was  cultivated 
for  two  and  for  three  months,  and  at  the  end  of  that  time  it  was 
f4>«nd  that  there  was  a  very  slight  gain  in  nitrogen  over  tlie 
amount  which  had  been  present  in  the  seed  sown.  In  two 
pai-allol  ex|KTimonts  with  wheat  no  gain  was  observed.  One 
year  later,  |>eas,  clover,  and  oats  were  ex[)erimented  on ;  both 
the  iH'as  and  clover  gaineil  a  little  nitrogen,  but  there  was  no 
gain  whatever  in  tlie  case  of  the  oats.  Boussingault*8  conclu- 
sions from  this  scries  have  been  vstated  as  follows:  Under  several 
Ci>ndii ions  certain  plants  secmiHl  adapti^i  to  lake  up  the  nitrogen 
in  the  atiuosphiTc,  but  it  is  still  a  question  under  what  circum- 
stances and  in  what  state  the  niti-ogcu  is  fixed  in  the  plants. 

8(»(>.  It  was  not,  however,  until  l«r»l  that  the  subject  received 
anv  further  attention  fix)m  lioussinjrault.  In  that  and  the  two 
subsequiut  ycai*s  his  experiments  were  conducted  with  certain 
piwautions,  by  which  the  plants  were  confined  in  limited  vol- 
umes of  air;  and  in  no  case  was  an  unequivocal  gain  in  nitrogen 
to  1h»  detected.  In  IS'A  he  placrd  plants  in  a  suitable  recep- 
tacle where  they  could  be  supplied  with  a  current  of  air  washed 
to  free  it  from  all  traces  of  tn)mbined  nitrogen.  The  atmosphere 
within  the  receptacle  was  furnished  with  from  two  to  three 
per  cent  of  carU^nic  acid.  In  all  of  the  experiments,  part  of 
which  WiTc  upon  Icgunnnous  plants,  there  was  a  slight  loss  of 
nitrogen. 

8(»7.  During  the  progress  of  the  experiments  now  alluded  to 
others  were  cimducted  in  the  following  manner:  Plants  were 
placed  in  a  case  from  which  nearly  all  dust  could  be  excluded, 
but  which  would  allow  of  a  free  circulation  of  the  external  air; 
and  umUa*  these  circinnstances  there  was  the  ver^'  slight  gain  in 
nitrogen  equal  to  about  one  twelfth  of  that  contained  in  the  seed 
sown.     Boussinganlt  attributed  this  almost  inappreciable  gain 

Prit»stlpy  :  Exi>erinicnts  ami  Ol)8erv*ations  on  Different  Kinds  of  Airs,  iil., 
1772. 

Siinssure  :  Reclicrches  chimiijueft  sur  la  vegetation,  18^4,  p.  205.  In  this 
will  1k'  found  a  short  account  of  the  results  of  the  pn-vious  observers  and  also 
of  Saussure's  own  ('onclusions,  which  ar»%  — that  plants  do  not  appropriate  any 
appreciable  amount  of  nitrogen  furnished  t«  them  us  it  exists  in  the  atmosphere 
in  the  five  state. 

*  For  a  short  but  excellent  alwtrart  in  English  of  Boussingault's  researches, 
referred  to  in  the  text,  the  student  may  consult  Philosophical  Tmnsiictions  of 
the  Royal  Society  for  1861,  p.  447.  The  onginal  communications  are  in 
Anuales  de  Chiniie  et  de  Physique,  s^r.  2,  tomes  Ixvii.  and  Ixix.,  1838. 
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fl  Auimonia  in  tlio  atmosphere,  and  also  to  nrgaQio  matters 
in  small  aniDiiiit  which  may  have  entoreil  the  cose  in  the  form  of 
very  fiiio  liust ;  but,  Inking  ioto  eotisideration  all  the  conditions 
of  the  experiment,  he  was  not  ineliiied  to  the  belief  that  any 
nitrogen  had  been  received  by  the  plants  from  the  ficc  nitrogen 
of  the  atmosphere. 

861:1.  In  185.5  and  1858  the  same  c-ht-mist  ex[ieriiaentcd  nirap 
certain  plants  wlik-h  were  euppUed  with  a  known  amount  of  com- 
bined niti'ogen  in  some  available  form.  The  results  of  his  ex- 
periments have  been  Tormulated  as  follows:  (1)  There  was  no 
appropriation  or  free  nitrogen ;  (2)  There  was  a  sliglit  loss  of 
the  nitrogen  which  had  been  supplied  to  the  Jilaiil :  (3)  Tlie 
nniounl  of  assimilatioi]  of  carbon  Iwre  n  close  relation  to  the 
amount  of  nitrogen  taken  up  liy  tlio  plant. 

8C9.  Kroui  1849  to  1854  Geoi-ges  Ville.  of  Paris,  condneted 
exjieriintnLs  which  were  interpreled  as  sliowing  that  pluntd  can 
take  from  the  nitrogen  of  the  atmosphere  a  certain  part  of  that 
which  they  require.  In  the  autumn  of  1854  he  carricti  on  a 
series  of  rescarehes  at  the  Jardin  des  Plantcs,  under  the  suikt- 
vision  of  a  committee  appointed  by  the  French  Atmdemy.  To- 
wards the  close  of  the  work  no  element  of  cn-or  crept  into  it 
which  could  not  then  be  eliminated ;  but  as  to  the  residt  of 
the  investigation  tlic  committee  reportwl,'  —  that  tlie  experi- 
ment made  at  the  Museum  d'llistoire  Naturelle  by  M.  Vilte 
ia  consistent  with  tiie  conclusions  which  he  has  drawn  from 
bis  previous  lal*oi-s. 

870.   In  ISGl  Lawes,  Gilbert,  and  Pugh,'  of  England,  pub- 


»  Tha  report  by  Clirvreul  will  be  fomiH  in  Cotni>t«i  KmJns,  xll.  p.  7ST. 
Beuilu  w  (lir«i.-lly  jii  conflict  as  those  of  tUo  two  ex|ieriiiiniitcrs  ivfurrnd  to  in 
tlw  text  \vd  otheri  tu  invustignk'  thit  lubjei-'t,  riM  iu  1S57-1S39  ui  oxhaiistlva 
■crioi  of  inviwtijpition*  wus  carried  on  it  Huthumstnl,  Knglnnd,  liy  Lawm, 
Gilbert,  uitl  Push. 

Mine,  iu  1SG1,  canclmled  rroTD  hia  exp«tiiiinnts  thnt  plants  do  not  ippro- 
priiite  the  free  nitn^vn  of  the  air. 

Eoy  iiiterprrtej  tbe  malts  of  hia  own  CK|wriin8nts  «s  uliowing  thai  fn* 
nitrogen  distnlvnl  iu  water  am  be  taken  up  b;  planti. 

Luja  (1851)1  snjijjesteil  tint  the  air  BurrouuiiinK  plants  mHj-h*  omnixnl,  und 
than  tlu  nitrogen  in  it  converted  into  uitric  itcid  and  raiuju  ivnilnble  for  the 

Hurling  (18GG)  conelailel  that  the  free  nitrogen  of  the  ur  is  not  prored  to 
lerVF  ilinvtiy  fur  llio  unlritiun  of  the  plant. 

*  PliiloBophical  TmnsBctions,  18S1,  p.  431.  For  an  excellent  drecription 
and  draviuji  of  thn  eompliuale'i  appamtuB  einployed  in  tbU  caiutol  inveitiKi- 
tion  the  irtudeut  way  consult  Johni 
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Hshed  the  results  of  a  series  of  experiments  mwn  llie  subject  of 
the  appropriation  of  nitrogen  by  plants.  These  exi)eriinents  were 
designed  to  settle  the  disputed  question.  Kvery  conceivable  pre- 
caution was  tiiken  to  avoid  any  error,  and  the  plants  were  grown 
under  conditions  as  little  unlike  their  ordinary  surroundings  as 
possible.  Under  these  conditions  to  insure  healthy  growth,  they 
mere  depriveil  of  all  access  to  nitrogen  except  as  it  existed  in 
the  free  state  in  the  atmosphere  or  dissolved  in  the  water  sup- 
plied to  them.  It  was  found  that  no  plants  api)eai*ed  to  make 
use  of  the  free  nitrogen  of  the  atmosphere  or  of  the  nitrogen 
dissolved  in  water  supi)lied  to  their  roots.  But  in  certain  cases, 
especially  of  leguminous  plants  cultivated  in  the  open  air,  there 
is  an  apparent  gain  in  the  amount  of  nitrogenous  products  in 
the  plant  over  and  above  that  which  is  directly  attributable  to 
the  combined  nitrogen  furnished  to  it.^ 


1  The  following  extracts  from  the  paper  by  Liwes,  Oin>ert,  and  Pugh  will 
convey  a  clear  idea  of  the  cautiouH  manner  in  which  their  ini|)ortant  results 
ire  reported :  — 

**  The  i*psults  obtained  with  Oraminaceje  in  1858  .  .  .  jwint  without  excep- 
tion to  the  fact  that  under  tlie  ciix-uni stances  of  growth  to  which  the  plants  were 
subjecte*!,  no  nssiniilation  of  free  niti-ogen  has  Uiken  i)luce.  The  regular  pro- 
cess of  ci'U-fonnation  has  gone  on  ;  catlwuic  acid  has  been  dcconi[)Oi>ed,  and 
carbon  and  the  elements  of  watrr  have  been  transformed  into  cellulose  ;  the 
plants  have  drawn  the  nitrogi^nous  conqMunds  from  the  older  cells  to  j^erfonii 
the  mysterious  ofiici*  of  the  fonnation  of  new  cells  ;  those  jarts  have  bt'en  de- 
vcIoikmI  which  re([uiI^*(l  the  smallest  amount  of  nitrogen,  and  all  the  stages  of 
growth  have  l)een  ftassed  through  to  the  foruiation  of  glum<*s,  pales,  and  awns 
for  the  seed.  In  fact,  the  plants  have  {M^rfonned  all  tlie  functions  that  it  is 
possible  for  a  plant  to  iHMfbrm  when  deprived  of  a  sufficient  supply  of  com- 
bined nitrogen.  They  have  gone  on  thus  increasing  their  organic  constituents 
with  one  constant  amount  of  comhine<l  nitrogi>n  until  the  ])ercentago  of  that 
element  in  the  vegetable  matter  is  far  below  the  ordinary  amount  of  it,  —  that 
is,  until  the  comi>osition  indicati's  that  further  development  hatl  ceased  for 
want  of  a  supply  of  available  nitrogtui.  Throughout  all  these  ])hases,  water 
saturated  with  frt*e  nitmgen  has  In^en  ]>as.sing  through  the  ]>lant ;  nitrogen  dis- 
solved in  the  fluid  of  the  cells  has  constantly  been  in  the  most  intimate  contact 
with  the  coTitents  of  the  cells  and  with  the  cell-walls"  (p.  523). 

Of  leguminous  plants  the  investigators  wiy,  **  In  those  cases  in  which  we 
have  succeeiled  in  getting  leguminous  plants  to  grow  j>retty  healthily  for  a 
considemble  length  <if  time,  the  ivsults,  so  far  as  they  go,  confirm  those  ob- 
tained with  (ii'aminacefle,  not  showing  in  their  ciise,  any  more  than  with  t)ie 
latt4tr,  an  assimilation  of  free  nitrogen  *'  (p.  520). 

Further,  thfy  say,  **  From  the  result>s  of  various  investigations,  as  well  as 
from  other  consi<lemtions,  we  think  it  may  be  concluded  that  under  the  cir- 
cumstances of  our  exiH-riments,  on  the  question  of  the  assimilation  of  free 
nitrogen  by  plants,  there  would  not  be  any  supply  to  them  of  an  unaccounU'd 
quantity  of  combined  nitrogen  due  either  to  the  formation  of  oxygen  com- 
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871.  Kitro^a  rompoands  In  the  titmospbere.  Tbe  ntmoHpIiore 
contains  ininiiU;  anionnU'  of  combined  iiiti-ogcn  in  tlif  form  of 
Ammonia,  nitric  aciit,  and  Diti-uus  .idd.  Tlie  imiuionia  is  l)e- 
lieved  to  exist  (except  where  from  local  causes  tbere  is  an  e8ca|ie 
of  \'ne  aiumonin  from  somu  source)  combined  with  t'itber  carbonic 
or  nitric  aeid, 

872.  Nitro^n  in  rain-water.  Tlie  nitrogen  componnds  ai-o 
more  or  less  perfectly  removable  fVom  tlie  air  by  rain,  and  in 
Bolntion  can  lie  made  available  to  plants  through  the  soil.  It 
is  now  necessarj'  to  examine  the  results  of  analyses  of  rain- 
wnt4.'r  in  order  to  ascertain  the  amount  of  nitrogen  contained 
in  it. 

The  following  data  arc  taken  from  the  carefnl  experiments 
at  Rothamsted.  under  the  direction  of  Lawes,  Gilbert,  and  War- 
ington.  The  nitrogen  existing  ns  nitric  aeid  and  ammonia  in 
the  rainfall  of  one  year  is  not  far  from  3.3  pounds  i>er  aere.  The 
proportion  of  tliia  calculated  as  ammonia  is  between  2.5  and  2.6 
imunds  per  nci'e,  the  reeidne  being  given  as  nitric  acid.  Be- 
aidcA  the  foregoing  snbstanecs,  there  is  also  a  small  amount  of 
nitrogcnons  organic  matter  in  the  air  whit-h  appears  in  the 
analyses  of  rain-water,  and  amounts,  aeconling  to  Frankland,  to 
.19  parts  per  million  parts  of  water.  Taking  a  somewhat  lower 
estimate  than  this,  Lawes,  Oilbeit,  and  Warington  give  tbe 
quantity  of  nitrogen  in  the  form  of  organic  matter  annually 


poumU  of  it  unilpr  the  jiilliiPncs  of  nainB.  or  to  thitt  or  ammoniii  imder  ths 
iuHuciice  uf  iiawcuL  hydrugpn  "  (p.  540). 

But,  as  shown  by  Uwm,  (lilbiin,  and  PngU,  ns  well  u  by  tniiny  other  «t- 
perimenttira,  li^uiinoug  irrops  iiii|>n>[>ri>tp  from  some  source  oiinsiilenilily  nwrB 
nitrogen  than  ilo  pnim-«;  for  uutwicc,  iintier  apiiarently  eimiUr  rirram*»nMi 
ofHtpplj  arcombiiinl  nitrogen. 

For  m  esmllent  trvalinviit  nf  tbo  wliolc  matter  of  njijiroprinlion  of  nitrogen, 
tbo  rtudent  should comult  moiuuinby  Atwater,  '■  On  Ihe  Ac(|iiiaiTinn  of  Atrooi- 
fhme  Nitmgen  by  Phuit>"  (AnMrricnn  Chcm.  Joiim.,  vol.  vi ,  1885,  no.  6). 

»  Tile  following  figiirw  serve  eimply  to  indivjite  the  wide  mngo  in  tvsulU 
obtaine>l  by  dilTureiit  observers  who  have  investignted  lh»  •mount  nt  ammonia 
atnuwpherr.  The  diiU  nre  from  Proceeilings  ot  Am.  Auoc.  for  Ad- 
it of  ticicnui,  1857,  p.  152. 

Fnacnhu  .  Wiesbadm  (durioj;  the  iIhj)         ....  137.27  ^r. 

"  .            '•         (at  night) 219.47   " 

Kemp    .  .     Inland M23.00  " 

VilU      .  .     P*t» -  37.89  " 

Botsbid  .    Booton  (in  July] <tO,70  *• 
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contributed  in  the  rain  as  1.08  pounds  ixjr  acre.  "We  may 
prolia})ly  take  4.r>  pounds  per  acre  as  the  best  estimate  we  can 
at  present  give  of  the  total  combined  nitrogen  annually  8ui)plie<l 
in  the  llothamstcd  rainfall.  Tiiis  is  only  about  two  thirds  as 
much  as  the  earlier  results  indicated  as  due  to  ammonia  and 
nitric  acid  alone.  ...  In  addition  to  the  combined  nitrogen 
carried  down  from  the  atmosphere  in  rain,  we  have  to  consider 
any  gain  to  the  soil  or  to  the  crop  b}'  direct  absorption  of  am- 
monia or  nitric  acid  fix>m  the  air.  As  far  as  an}*  gain  from  the 
atmosphere  to  the  plant  itself  is  concerned,  there  is  very  little 
direct  experimental  evidence  on  the  point,  but  such  as  is  avail- 
able would  lead  to  the  conclusion  that  its  amount  is  practically 
immaterial.  As  to  the  amount  of  gain  by  absorption  b}'  the 
soil,  there  is  unfortunately  no  direct  or  satisfactor}*  evidence 
at  command.  From  such  evidence  as  does  exist,  we  arc 
disposed  to  conclude  that  with  some  soils  the  amount  will 
probably-  be  greater  and  with  othera  less  than  that  supplied  by 
the  rainfall."  * 

873.  Direct  abson^tlon  of  ammonia  bj  leaves.  Under  certain 
circumstAnces  ammonia  can  be  absorbed  dii*ectlv  by  leaves.  This 
will  be  further  adverted  to  under  '' Appropnation  of  Organic 
Mattt^rs." 

874.  How  the  nitrogren  compounds  of  the  atmosphere  are  formed. 
It  is  a  familiar  fact  that  under  certain  circumstances  the  free  nitro- 
gen of  the  atmosphere  ciin  be  made  to  unite  with  oxygen  for  the 
piXMluction  of  nitric  acid  ;  for  instance,  by  the  passage  of  a  spark 
of  electricity  through  a  confineil  atmosphere  a  small  amount  of 
comVuned  nitric  acid  ma}*  he  formed.  The  bearing  of  this  fact 
ujjon  the  existence  of  nitrogen  compounds  in  the  atmosphere  is 
very  obvious.  Schloesing,*''  in  an  interesting  study  of  the  nitro- 
gen com|)ounds  of  the  air  and  soil,  attributes  to  the  atmosphere 
a  very  impoilant  office  in  forming  and  distributing  nitrogen  com- 
l)Ounds.  Acconling  to  him,  the  nitric  acid  contained  in  rain- 
waters on  escaping  from  the  soil,  where  it  is  onl}'  lightly  held, 
finds  its  way  to  the  sea,  where  under  various  agencies  (notably 
that  of  vegetable  organisms  of  the  lowest  grade)  it  becomes, 
sooner  or  later,  changed  into  ammonia.  This  readily  escapes 
into  the  air,  and  is  carried  in  the  atmospheric  currents  to  all 
parts  of  the  world,  becoming  thereby  available  to  land  plants. 

^  Journal  Royal  Agricultural  Society,  vol.  xix.,  part  2»  1883. 
3  Compter  Reudus,  tonic  Ixxxi.,  1875.    The  same  idea  has  lieen  more  or  less 
treated  by  others. 
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.  Arallable  nltro^n  In  the  soil.  When  aoimnl  matters  rich 
in  nitrogen  undei'go  lajiij  jiuliv  fact  ion,'  tlick'  give  rise  to  niinicr- 
ooB  compounds,  pi'umiiieiit  arnun<;  wliicli  are  iliosu  uf  timuonia. 
Under  certain  conditions,  nutalily  the  preaciice  (1)  uf  free  oxy- 
gon in  lai^Q  amount,  or  (2)  of  nn  alkali,  or  nn  alkaline  earlxmate, 
Biicli  animal  mattera  are  also  slowly  brok<;D  up,  and  nilrubis  are 
rormcd.  Tbe  process  by  wliicb  various  comiraunds  of  nitrogen 
are  converted  into  nitrates  ia  termed  iiitiifieation.* 

8T(i.  Vegetable  matters  whicli  oontalu  nilrugcnoua  substance 
in  the  usual  amount  may  likcvrise  undergo  decomiwsition ;  but 
owing  to  tlic  presence  in  such  matters  of  a  large  proportion  of 
carlKillvd rates,  for  instumw  llie  cellulose  of  the  cell-walb,  tlie 
process  of  ( lecom pus i lion  is  more  complex  than  in  animal  matters 
and  its  producta  mure  diverse,  ^umc  of  the  products  are  proba- 
bly identical  with  those  formpd  from  the  decomjMJsilion  of  albu- 
minous matters  of  animal  origin ;  namely,  ammonia,'  ur  umtuouia 
ctimpuumls,  and  iiitmtea;  but  the  lai'ger  number  of  them  are 
cotnpouuds  whicii  are  nearly  or  quite  insoluble  and  have  been 
thought  to  l>e  inert.*  But  experiments  have  dlionrn  thai  under 
certain  conditions  these  less  available  uompounda  of  nitrogen 


'  For  *  ilinciinmon  at  l\ie.  vnrioua  |ihiuic<  niii]  raiiditlmisof  ile['oni|<08itioii  ibe 
•tuiUnt  is  rpffrnHl  to  ilia  tliinl  voliiuie  of  th[s  ur.nn,  iu  wliith  llio  different 
forms  of  h'rnwntntlnii  rind  putrrfu^liuii  ore  W  bf  trentoJ.  It  is  enough  now  to 
note  tliul  liiMK  priKCmn  nn  «siBDli>lty  due  to  the  yrt-unua  auil  ictiTttf  of 
ninute  orRniiiwo,  —  tlie  lovnt  fuiiKt. 

*  The  xtiiilent  will  Riid  in  Johiisnn's  "  How  Cn>]n  Tee-]"  ]i.  289,  *n  ex- 
cellent nmount  of  tlii»  mint  iiii[>orti>iil  lopic  Hois  refcrtwl  also  to  Bonuin- 
gkult'a  "  At^nomlt!,"  Iflflfl,  nnil  virioiu  artirlcfl  in  Vcmii-Iia-Statiunsn. 

'  Tlid  foUowinj^data  indirattf  llif  Hmounta  oF  iiitrogFU  in  riertain  »ili,  u 
ofji  by  BoiuslnKsult  (A^crononl''.  li><  I9BI,  tip.  H,  13).  The  reduo 
a  pounds  par  ten  ure  fruiii  Johiisuu's  "  How  Cn>^  Fwd,"  p.  S7S. 
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*  Giptirinients  by  Boassin){itult  (ARTononii*.  L  1800)  t*u  hardly  ba  jn- 
terpRtod  in  any  other  wajr.  Oar  rrawn  for  bis  trsull'  tiu  b«ii  sought  In  tbe 
bn  that  he  rmplojEd  only  veij  small  amouiits  ot  vnfcrtKliii  matter  in  hii  «d- 
nUtum  of  soil ;  but  all  of  blsexperunonlJiarB  t«gBnl«d  as  modeUofaucuraey 
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in  the  soil  can  be  turned  to  a  ver}'  important  account  bj-  the 
plant. 

877.  Nitrogren  nsed  bj  wild  and  cnltivated  plants.  From  the 
sources  described,  wild  plants  obtain  a  suilicient  supply  of 
available  nitrogen.  In  some  localities,  notably  in  portions  of 
the  troi)ics  and  along  the  rich  alluvial  deposits  of  rivers,  the 
stores  of  available  nitrogen  are  so  abundant  that  all  vegetation 
flourishes  with  great  vigor,  and  even  cultivated  plants,  which  ap- 
pear to  be  more  exacting  tlian  wild  phints  in  their  demands  for 
nitrogen,  can  obtain  an  adequate  supph*.  Further,  it  has  been 
abundantly  shown  by  the  long-continued  experiments  at  Rotham- 
8te<i,  that  the  same  soil,  unenriched  by  additions  of  manures,  can 
yield  even  aller  twenty-five  years  enough  nitrogen  for  the  needs 
of  fair  or   mo<lerate  crops. 

878.  In  the  ordinary  cultivation  of  plants  it  is  profitable 
to  augment  in  some  way  the  supply  of  nitrogen  in  most  soils. 
Under  some  circumstances  this  augmentation  can  be  acc»om- 
plished  to  a  certain  extent  by  mere  tillage  or  by  the  exposure 
of  fresh  portions  of  soil  to  the  action  of  the  atmosphere.  But 
it  is  usually  effected  by  the  employment  of  natural  or  artificial 
manures.  The  former  consist  of  the  excrementitious  matters 
of  animals  or  of  the  waste  products  from  plants.  These  ex- 
crementitious matters  represent  a  large  part  of  what  the  ani- 
mals have  consumed,  and  must  have  c*ome  either  •directl}' 
or  indirectly  from  the  vegetable  kingdom ;  hence  they  onl}'  re- 
store to  the  soil  that  which  plants  had  at  some  time  removed 
therefrom. 

In  the  preparation  of  artificial  fertilizers  an  effort  is  made  to 
provide  for  the  plant  the  mineral  and  nitrogenous  matters  which 
it  requires.    A  large  i)roi)ortion  of  these  fertilizers  are  composed 

throughout,  and  cnn  leave  no  iloubt  that,  under  the  ronditions  of  his  trialH, 
there  was  pnir.tically  no  utilization  of  the  soil  nitrogen  hy  the  plants. 

On  the  other  han<l,  ex|>onincnt8  hy  Wolff  (Cheniisch.-Phannaecut.  Central- 
Blatt,  1852,  |>.  6r>7),  Johnson  (Peat  and  its  Uses,  1S66,  p.  79),  and  Storer 
show  that  under  certain  conditions  the  plant  can  avail  itself  of  the  nitrogen 
organically  conibineti  in  the  soil.  The  works  of  iho  above  authors,  which  are 
only  a  few  of  those  bi'nring  on  this  ini|>ortant  matter,  will  place  the  student  in 
possession  of  the  nietho<is  of  cxiierimenting. 

Storer's  int<»resting  communication  in  the  Bulletin  of  the  Bussey  Institn- 
tion  (vol.  i.,  1874,  p.  252),  *'  On  the  Iinpoitsuice  as  Plant-foo<l  of  the  Nitrogen 
in  Vegetable  Mould,"  gives  not  only  an  account  of  his  exiieriments  but  also 
a  forcible  presentation  of  the  principal  arguments  in  favor  of  the  bidief  that 
the  "soil-nitrogen  "  (that  is,  the  nitrogen  in  vcget;ible  mould)  is  by  no  means 
inert. 
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r  a  certain  amount  or  available  oalcic  phosphate  together  witli 
Ks  salt  or  )>oIassa  ani)  some  available  nitrogenous  matter.' 

It  has  Ixien  shoivn  (p.  348;  tliul  sumu  plants  require  more  of^ 
a  kind  of  food  than  otheis ;  und  lieiice  (lie  attempt  lias  bocn    ' 
lioftvn  raailc  to  prepare  exai^lly  the  speeial  fertilizer  whidi  a  given 
■ATUp  may  re<|iiire. 

Nitric  ftcid  anil  tbe  nitrates.  Expcriaienta  with  water- 
BDltDre  have  shown  that  plants  can  derive  all  the  i-omhiued  nitro- 
fen  needed  for  tbeir  growth  from  nitrie  add  and  tbe  iittratea. 
But  it  has  also  been  clearly  shown  lliat  there  ai-e  striking  diRer- 
II  the  capacity  which  pluuU  posseos  for  appropriating 
fbttrogea  from  these  compounds.  Even  in  the  common  agdcul-  I 
tnral  plants  there  are  sonie  ditferences  in  this  respect. 

880.   A  large  number  of  nltrt^eu   compounds,  sueh 

paragin.  urea,  albumin,  etc.,  have  been  employed  in  c.\t>eriments  ] 

upon  plants,  but  most  of  the  results  ix>sses3  little  interest. 

_  may  be  said,  in  general,  that  the  so-called  alkaloids  (which  coa-  1 

n  nitrogen)  cannot  be  utilized  tven  by  the  very  plants  from  1 

jirhiub  they  were  ina<lo.' 

STBthesb  of  albanUaon^  matters  In  the  plant.  A  distioO'  J 
Ion  is  made  between  tlie  newly  formed  or  llisl-formod  albumi-  J 
i  substances  in  the  (ilaiit  and  those  which  have  uudergooe  I 
lemk-al  changes  in  the  oi-ganism,  as  for  instance  the  changes  1 
I  germination.  Two  views  have  been  held  respecting  the  plaual 
itrlici-e  the  fumialion  of  the  new  pi-otein  matters  occurs  in  tlift  | 

'  Tb«  rollowiiig  uanlyses,  taken  fraiii  tliu  Hcport  oT  tlie  ConuiictiL-ut  Agrl>  i 
enltnnd  Experiment  Slntiou  Tor  1S83,  iniUcala  tlie  coiupositioti  or  >  few  ■ 
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t  in   aecouut  oT  tho  cnmrnercinl  pricn  of  tlie  aTaikble  nitnigvn  c 
'  pMiDd«  for  18S3-1384,  seeReport  oF   ConuKClicuI  Agnvultural   Kx[ioriitii 
Station,  1836. 

*  For  •  ahnrt  oi^iioiint  ol  thr  biblioj^plijr  of  thi>  loltiect  tho  itailent  el 
eoarolt  Pfeffer's  PflMuunphTmolc^  L,  ISSI,  y.  Hi. 
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higher  plants ;  naraelv,  (1)  that  in  favor  of  the  clilorophyll  cells, 
(2)  that  in  favor  of  the  conductive  tissues  of  the  petiole  and 
stem.  So  far  as  analogy  drawn  from  the  lower  plants  is  con- 
cerned, one  of  these  views  is  as  tenable  as  the  other ;  for  while 
in  a  simple  alga  all  the  formation  of  new  protein  matters  must 
go  on  in  a  cell  where  there  is  chlorophyll  or  its  equivalent,  in 
the  case  of  a  fungus,  nourished  as  in  the  experiments  of  Pasteur 
upon  a  simple  ternary'  body  and  a  nitrate,  the  process  must  of 
necessity  take  place  in  cells  where  no  chlorophyll  is  present. 

882.  Exact  observations  u^wn  the  subject  of  the  formation  of 
albuminous  matters  in  the  plant  are  not  abundant.  Reference  will 
be  made  here  chiefly  to  those  In*  limmerling,  who  carried  on  an 
extended  series  of  investigations  with  Vicia  Faba.  lie  examined 
all  parts  of  the  plant  with  res[)ect  to  the  inorganic  nitrogen  com- 
pounds furnished,  and  then  sought  for  the  protein  compounds 
resulting  therefrom.  His  results  are  interprete<l  as  showing  that 
the  nitric  acid  which  is  absorbed  fmm  the  soil,  and  can  he  detected 
in  all  parts  of  the  roots  and  stems,  disapi)ears  very  rapidly  in 
the  leaves  and  all  parts  which  are  actively  growing,  so  that  there 
is  found  only  a  mere  trace  in  them.  According  to  him,  it  is  in 
green  leaves  that  the  transformation  of  nitrogenous  matters  takes 
place.  The  first  pixnluct  of  this  transformation  is  not  at  present 
ceilainl}*  known  ;  but  there  is  goo<1  reason  to  regard  it  as  a  mem- 
ber of  the  group  of  carbamides.*  Those  parts  of  the  plant  which 
are  rapidlj'  growing  are  much  richer  in  amides  than  the  older 
and  more  fully  developed  i)ortions.  This  fact  is  shown  by 
Kellner  *  to  l)e  true  of  pasture  grass,  in  which  the  amides  are 
more  abundant  in  the  young  than  in  the  old  pai*ts. 

APPROPRIATION  OF  SULPHUR. 

883.  The  amount  of  sulphur  which  exists  as  an  essential  part 
of  the  albuminous  matters  of  the  plant  is  quite  small,  being  not 
far  from  one  per  cent.* 

884.  As  already  shown  (681),  sulphur  is  taken  into  the 
plant  in  the  form  of  sulphates,  chiefly  calcic.  The  calcic  sul- 
phate *  is  probably-  decomiK)8ed  b}'  the  oxalic  acid  produced  bj' 
the  plant,  and  thus  an  insoluble  calcic  oxalate  is  formed ;  then 

*  Versuchs-Stationen,  xxiv.,  1880,  p.  113. 
a  Ceutrnlbl.  f.  Agric.-Cliem.,  1879,  p.  271. 

*  Ranging,  nccordin<^  to  Ebermayer,  from  .4  to  1.8  per  cent  ( Physiologiscbe 
Cliemie  der  Pflanzcn,  1882,  p.  G16). 

*  Holzner :  Flora.  1867. 
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Tby  a  process  of  redut-tion  ilio  sniplrar  is  ect  fli?e  to  uniU?  with  tlie 
al bum) mills  malturs  ulready  deserilK-il. 

The  nbiiiidant  occurrence,  in  condiicling  tissues  of  etems  and 
petioles,  of  enleic  oxalate  resulting  f^'om  tlie  cliangeB  deseribed  baa 
been  held  to  indicate  the  probable  Beat  of  albuminous  synthesis.* 

8Mo.  Tlie  general  stuUMnents  which  have  uow  been  made  re- 
specting tlie  appropHalion  ofcarl^fon,  nitn^en,  and  sulphur  hold 
good  for  nil  ordinary  land  and  water  plants.  There  ai-e  a  few 
plants,  however,  concerning  which  they  raust  be  somewhat  modi- 
fied, and  these  are  here  for  convenience  treated  of  together; 
as  hum  us- plants,  parasites,  insectivorous  plants,  and  epiithytcs. 
It  must  be  remcniberiHl  that  in  all  these  apparently  exceptional 
cases  the  mechanism  of  nutrition  ia  not  radically  different  from 
that  which  other  plants  possess  at  some  period  of  their  lives 
or  in  some  slight  degree. 

APPROPRIATION  OF  ORGANIC  MATTERS. 

88G.  HuDins-pIants,''  or  Haproptaytos.  Among  the  higher  plants 
thei-e  are  some  (for  example,  Kpiix>gium ')  which  derive  all  their 


>  Sachs  :  Tuxl-hook,  Sil  Eng.  td.,  18H2.  p-  711. 

*  Al  a  DinllT  chirny  of  Iji.ttiiiii'nl  iiitenul,  Ilie  "  hiimns  theory  "  niiut  ba 
TvfifTml  to.  Ah  atatul  In  iba  vord*  of  Licbig,  its  author,  It  a  bricDy  u 
followB  :  — 

"  Woolly  Elim  in  ■  stato  of  decoy  it  tiio  mhatance  oalW  Aiimiu,  .  .  . 
Humu*  letl  in  ttie  miaie  [nnnner  in  a  soil  |wrmeable  to  air  ta  Uie  nir  iUcK ;  it 
i*  k  continual  aoiircv  of  carlioiiia  acitl,  which  it  vmits  *erj  alinrly.  An  Btniw- 
phi>r«  ororbonio  acid,  runnpd  at  the  exprniie  o(  th«  oxygrn  of  tbo  air,  anr- 
roonds  crtry  partiidi"  of  deraying  bunios.  The  cultivation  of  land  by  lilliog 
■nil  loowningtheloil.cBUKi  a  tne  and  unohHtnicted  accens  of  air.  An  atmoa- 
{itirre  of  cnrbotiiu  aciil  is  therefore  contained  in  erery  fi^rtile  soil,  and  is  lbs 
lint  and  inoat  im|inrtiint  food  for  the  yonng  [ilanls  whkb  grow  in  it.  .  .  .  The 
root*  pcrfomi  tlie  fnnclions  of  the  tnven  from  the  first  monicDt  of  thvir  forma- 
tion ;  thny  FXinct  fnim  the  soil  their  proper  nutrinient,  namely,  tbe  carbonic 
acid  gennutod  by  Ibe  hnnins.  .  .  .  Whi^  a  plant  is  qnile  matured,  mid  whro 
the  organs,  by  irhiuh  it  obtnios  food  from  tlie  at  ' 
lioniir  iicid  of  the  soil  is  no  farther  r»piiml.  . 
plant!  by  Iwing  a«imilat«l  in  its  nniittend  s' 

anil  Imliiig  sourro  of  carbonic  acid,  wliich  is  sbsorbod  by  tUo  mots  "  (Uhvm- 
istry  in  its  Appliealion  to  Agrioolciire,  AjDsriean  nlitinn,  1843,  pp.  65  et  K17), 

It  has  bwTi  sliown  by  the  investisutions  refirred  to  in  the  trxt  that  planta 
(on  lip  grown  with  viijor  and  onmod  to  complDte  maturity  without  tbe  inpply 
of  cnrbonii"  «i*id  to  tbe  roots,  and  lienc*  On  "  bumns  Ibmry  "  is  cinptinl  of  all 
its  value;  but,  as  will  Wshoirn  later,  the  drvaying  vcgotable  matter  in  aoils 
has  in>i»rUiiI  funi-tions. 

■  PfelTer')  rUaiiHiiphysiul<%ir,  L,  ISSl.  p.  2S6. 
S3 
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nutiiincnt  from  the  decaying  or  decayed  remains  of  other  plants ; 
wiiilc  others,  like  Monotropa  uniflora  and  the  Orobanchaceas,  ob- 
tain part  of  their  food  from  living  plants.  Trnc  parasites  obtain 
their  nourishment  from  living  organisms,  whereas  humus-plants, 
or  saprophytes,  live  upon  the  structures  of  dead  ones.  From  the 
decaying  vegetable  mould  they  procure  all  the  ternary  substances 
neede<l  for  their  own  fabric,  and  also  the  nitrogenous  substances 
needed  for  their  own  protoplasmic  matters.  It  is  not  known 
exactly  how  saprophytes  turn  to  account  the  comparatively  inert 
nitrogenous  matters  of  vegetable  mould,  but  the  pix>cess  is  thought 
to  depend  upon  the  action  of  a  solvent,  unorganized  ferment, 
somewhat  similar  to  that  which  effecjts  changes  in  ths  food  withia 
reach  of  the  embryo  of  the  seed. 

887.  Parasites  obtain  a  large  part  of  their  food  from  living 

organism^.  In  some  cases  they 
appear  to  be  able  thus  to  pix)cure 
all  the  fooil  they  require ;  but  most 
of  them  can  be  shown  to  elaborate, 
by  means  of  the  small  amount  of 
chlorophyll  which  they  possess,  a 
small  part  of  their  fooil.  The 
baustoria,  by  means  of  which  they 
abstract  from  other  planU  the  as- 
similated matters,  have  been  de- 
scribed in  351.  After  the  parasite 
has  fairly  fastened  itself  upon  the 
host-plant,  it  acts  with  respect  to 
the  tissues  of  the  latter  much  as  if 
it  were  an  offshoot  of  the  host.  It 
appropriates  the  assimilated  matters 
as  the}'  are  needed,  and  consumes 
them  in  substantially  the  same  way 

that  an  embrjo  consumes  the  food  stored  in  the  endosperm.* 

888.  Insectiroroos  or  eamiroroos  plants,  as  already  explained 
in  Volume  I.  page  110,  et  seq.^  are  those  which  arc  provided  with 
some  specialized  apparatus  for  the  utilization  of  animal  matters. 


*  For  an  interesting  account  of  the  more  striking  effects  produced  upon  the 
hoet-plnnt,  the  reader  should  consult  Frank  :  Die  Pflanzenkninkheiten,  1879. 

The  relations  which  exist  between  the  ash-constitueuts  of  the  i>arasite  and 
Its  host  hare  been  examined  by  Reinscb. 

Fio.  162.  CuHcnca,  a  i>amiilte.  Tlie  colled  embryo  and  Medling  are  shown  In  the 
rlght-bnnd  f^ketcben;  in  the  other  sketch,  the  adult  pUut,  with  its  auwer-closters,  at- 
teched  to  the  Uviug  stem  of  another  plant. 
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The  structure  and  ofltce  of  the  prehensile  and  digestive  appara- 
tus are  now  to  be  illuslratcd  by  the  following  examples  ;  — 

SS9.  Drosera  rotnndl folia,  or  round-leaved  sundew,  grows 
abundantly  in  uoitliern  (teat-bogs  anil  iu  saixl  mixed  with  vege< 
table  motdd,  buth  iu  the  Old  World  and  the  Keiv.  The  plant 
has  a  few  (4  to  12)  leaves,  arranged  iu  a  flat  tull  at  the  base  of 
the  flower-stalk,  and  narrowed  at  their  bases  into  hairy  petioles. 
The  most  striking  eharaeter  of  the  leaves  is  the  Uiiek  clothins 
of  peculiar  hairs,  otherwise  known  as  Cen!ac!ea  or  i/laath,  from 
the  tip  of  each  of  which  exudes  a  drop  of  a  clear  viscid 
liquid.  These  haii-s  are  complicated 
in  structure.  Thi;y  contain  all  the 
histological  elements  proper  to  the 
leaf  itself ;  for  this  i-eason  it  has  been 
thought  by  some  that  thoy  should  be 
regarded  as  processes  from  the  leaf 
rather  than  as  hairs.  The  inai^iual 
tentacles  arc  long,  have  purple  stalks, 
and  are  terminated  by  elongated  pur- 
ple glands ;  those  lowaids  the  middle 
of  the  leaf  are  shorter,  have  greenish 
stalks  and  ovoid  glands.  Kach  gland 
consists  of  a  dmiMe  laj  er  of  l>olygo- 
ual  cells  which  suri'ound  a  central 
Itody  ei)tn[>osed  of  elongated  c-ells 
and  a  few   trachclds.      The  jiroto- 

plasmie  liuing  of  all  the  cells  is  transparent  and  thin,  and  the 
cavity  is  filled  with  an  hnmt^encous  purple  fluid.  The  tro- 
che!<)s  p.iss  by  insensible  giiulations  into  minute  spiral  ducts. 

890.  The  n)ode  of  action  iii  Drosera  is  as  follows:  When 
a  small  object  is  placed  ou  the  raiildlc  glands,  a  sluggish  move- 
ment is  soon  detected  in  the  marginal  tentacles.  If  the  object 
is  a  fragment  of  animal  matter,  the  motor  im[Hilse  is  commu- 
nicated lapidly,  and  tlie  marginal  tentacles  curve  sharply  over 
upon  the  fragment,  biiuging  the  glands  in  contact  with  it.  The 
blade  of  the  leaf  also  sometimes  liecoroes  Hirved.  forming  a  shal- 
low eup.  Inoi'ganic  and  such  organic  matters  as  ai'c  not  acted 
on  by  the  secretion  fivim  the  glau  Is  act  more  slowly  in  causing 
movement  of  the  tentacles  than  do  soluble  oi^anic  subsUnces, 
and  no  movement  follows  unless  tlie  object  rests  upon  tlie 
glands  themselves,  Dot  merely  on  the  secretion  which  covers 

F:a.  1^.    DraeTB  rotundlftillL    Vlsv  of  InTlhiin  >bova     (Dmrwln.) 
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thGm.  Damiii  fuund  th&t  movement  was  caused  by  the  contact 
of  a  poitielc  weighing  only  .0008  milligram  (Tj,t,n  »'  •*  ginin). 
When  a  tunlailc  lins  liecn  excited  by 
contact  with  a  sulid  piiriiclc,  there  is  seen, 
after  some  hours,  a  rcmaikflliie  cliangc  id 
its  cells  near  tiie  gland.  '■  Instead  of  be- 
ing filled  with  lioniogcneons  purjile  fluid, 
they  now  contain  vaiioiisly  shaped  masses 
of  ptiri>le  matter  su«i)ended  in  a  colorless  or 
almost  colorless  fluid."*  Tcutaclcs  which 
have  been  thus  acted  on  by  contact  of  par- 
ticles have  a  mottled  npjjenrance,  and  can 
be  piekdl  out  with  case  from  all  the  others. 
The  change  of  contents  U  termed  by  Darwin 
aggregation.  "  The  little  masses  of  aggre- 
gated matter  are  of  the  niO!<t  diversified 
eha|>es,  ott^-n  spherical  or  ovnl,  sometimes  much  elongated,  or 
quite  irregular  with  thread  or  necklace- 1 i lie  or  club-formed  pro- 
jections. Tlicy  consist  of  thick,  api>arently  viscid  matter,  which 
in  the  exterior  tentacles  is  of  a  |)urplisl),  and  in  the  bhort  dis<-al 
tentacles  of  a  greenish,  culor.  These  little  masses  incessantly 
change  tlieir  forms  and  positions,  being  never  at  rest.  .  .  . 

"Shortly  after  the  purple  fluid  wiiliin  the  crells  has  become 
n^^rpgatrd,  the  little  moHses  float  about  in  a  colorless  or  almost 
colorless  fluid ;  and  the  l.iyci'  of  white  granular  [irotoplaam  wliicb 
flows  along  the  walls  can  now  be  seen  much  more  distinctly. 
Tlic  stream  flows  at  an  irregular  rate,  tip  one  wall  and  down  the 
opposite  one,  generally  at  a  slower  rate  across  the  narrow  ends 
of  tiic  clongatMl  cells,  and  so  round  and  round.  But  the  current 
sometimes  ceases.  The  movement  is  ollcn  in  naves,  and  their 
crests  sometimes  stretch  almost  across  the  whole  width  of  the 
cell  and  then  sink  down  again.  Small  spheres  of  protoplasm, 
apparently  quite  free,  are  often  driven  by  the  current  round  the 
cells;  and  filaments  attached  to  the  central  masses  are  swayed 
to  and  fro,  as  if  struggling  to  esca|>e.  Altogether,  one  of  these 
cells,  with  the  ever-changiiig  central  nmsses  and  with  the  lajer 
of  protoplasm  flowing  round  the  walls,  presents  a  wonderful 
scene  of  vital  activity."  * 

•  Pnrwiu :  In.terlivomua  Plants,  1875,  p-  39. 
^  Darwin  ;  Iiis.'clivorous  Plonti,  |i[..  40,  42. 

Fin.  IM.    DmKn  roiniulirulIrL     L«r  »]tli  ilm  tentacte*  on  an:  Mv  liiBccted  oror  ft 
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The  Bggregfvtion  is  caused  hj-  vnrioua  nitn^nous  orgitnio 
fluids  and  snits  of  nmnioiiin  ;  the  most  cfflcicnt  Hg<?t>t  for  its  pro- 
cluclion  Ix-iiig  nminoiiiu  earbotmtt;,  .<)(>0-tH2  miliigrain  (tiiVdi]  of 
a  grain)  bting  enoiigti  to  cause  nggregation  in  nil  llie  «li9  of  a 
ti-nlticle.  Tliese  figures  show  tliu  extrciuG  scnsitircuess  of  the 
tt-'nlades  nnd  glnnda  lo  slight  «xtcriml  impreaMona. 

sai.  "If  the  glatuls  ure  exuite<l  either  by  Ibi;  nhsorption  of 
niti-ogenous  matter  or  by  tucchatiii^  irritation,  their  serivtion 
iuL-reaees  in  quantity  aiid  be<x>nies  acid."  That  it  coiitaius  an 
iioorgitnizvd  ferment  nflniits  of  no  question.  The  sL-eretion  nttor 
excitation  possesses  tlic  ]mwer  of  dissolving  the  albuminoids  sulv 
stiintially  ns  tlie  gaatriu  Juice  of  animals  does.  WbcD  an  insect 
nliglits  upon  tlie  leaf  of  Drosera,  its  viulont  sti-uggles  to  escnpc 
only  wind  more  elosely  about  it  the  thirads  of  viscid  matter 
tinm  the  glands.  Soon  the  tentacles  eluse  arotnid  it.  and  the 
increased  secretion  of  the  digestive  fluid  brings  about  a  true 
digesdon  of  the  nitrogenous  matter. 

892.  That  the  digested  mattera  can  ]»  absorbed.  np|>ears  fhtm 
numerous  ex|>eriments.  In  thesft,  after  the  disapix-aianee  of 
albuminous  mattera  impregnated  with  a  salt  of  lithium,  it  was 
]K>ssibIc  witii  the  e|)ectn)sco|)c  to  detect  the  salt  iti  the  jilunt. 
Purts  of  the  leaves  remote  from  the  seat  of  digeslion,  being 
dried,  calcined,  moistened  with  bydroehloiie  aeid,  and  plucetl  in 
the  colorless  flame  of  a  Bunsen  burner,  gave  the  characteristic 
lithium  line. 

893,  I}oea  the  jtliiiit  ffiiiii  any  adoanUige  by  thU  absorption 
of  organic  mailer/  Francis  Darwin's'  experiments  upon  this 
Buhjeet  may  be  brieSy  stated  as  follows :  — 

Two  sets  of  thrifty  [ilants  of  Drosera  were  cultivnte<l  under 
the  same  winditions,  with  the  single  exception  of  a  provision  of 
anironl  food  to  the  leaves  of  one  set.  At  the  conclusion  of  an 
eX|>erimeDt  extending  through  three  nionlhs,  the  ratios  between 
the  unfed  and  the  feil  plants  were  as  follows  :  — 


CtilW. 

y>A. 

Wtiglit  of  iilniiU,  sacliuiETv  of  fiower-itrnii    .     . 

.      .     100 

121.S 

Nunibw  or  flowM -rtemB 

.      .     10<) 

lei.B 

.      .      100 

331,9 

T«l-l.i.iirWor«p.Ql«  . 

.     .     lUO 

1UJ.4 

Avengi-  wfigbt  por  umA 

.     .     100 

157.  a 

ToU!eol«nl.l«lunmWrof»«d.produo«I     .     . 

,     .     100 

SI1.9 

Tool  <:.l.rulut<d  Wright  of  »«U 

.     .      lOU 

SI0.7 

•  Joumd  of  ihe  Uiilmwri  SocUty.  ivii,,  1S80,  p.  17. 

"  Two  banilrvil  pUnta  of  DrnaBrv  rotimi)ir<ili>  wrir  lnm«|>liint»t  in  Jnni  nnd 
altiTulfl]  in anup-pbtei  tUtd  with  iDonilBring tht  n«t  uf  tiniii  "    ' 
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894.  Dlon^a  miiscipnla,  or  Vcnus's  flv-trnp,  grows  spariagly 
in  eaiidy  suil  near  AVilmiugtun,  North  CnroliDn,  and  in  one  or 
two  other  loealUiifa  along  the  Carolina  coast.  lt»  leaf  consists  of 
two  rather  distinct  parts,  —  the  two-valved  trap  at  the  extremit)', 


and  a  p«tiolc-like  support.  It  is  probable  that  the  support  is  not 
a  true  petiole,  but  a  leBf-blade,  wtiile  the  trap  ia  a  si>e<;ial  ap- 
pendage developed  mton  the  tip  of  the  loaf-blade. 

895.    The  epring-trnp  is  made  np  of  two  Bjmraetricfll  halves 
meeting  at  a  median  hinge.     The  outer  bordor  of  each  half  ia 


pUle  vrns  divideJ  into  Imlrei  by  a  low  wooden  larlition,  one  side  biiiug  des- 
tined to  Iw  r«i  wJTh  meat,  -while  the  pkntii  in  the  opposite  bill  were  1«  be 
Bt«rT«d-  TliE  [ilntes  wure  placed  ■Itogetbtir  under  a  gitii/o  citsu,  so  that  tlie 
'■tarved'  pl«at»  might  be  preveutMl  from  obUuiiiag  fimd  liy  tin'  uptim  or 
inaect*.  Tli«  luctiiod  o!  Irodiiig  consiaU'd  in  RU[>plyiug  each  Imf  (on  tlio  fed 
lidvs  ul  the  ux  pUte»}  with  ont  oi'  twu  smnll  liiU  oT  rout  inmt,  emii  wojgbiiig 
ftbout  ona-liftieth  ot  a  gniiii.  This  operation  vta  rcperitHl  every  few  days  frcnn 
tlie  bv^nniiig  of  July  to  tbe  first  dnys  oT  Septerulier,  wlieu  llie  flnRl  compubon 
ofthe  two  KUofpluoUwoa  made  ■■'iNiituw.iTii..  1S7B,  p.  228). 

Fio.  IDS.    A  iilani  of  Maniea  manMiiqliL,  iwlumd  In  •[». 

Flo.  IM.    Tlirae  ot  Ilir  lmf«  oT  alniDM  tl>a  ixton]  ilie;  one  of  them  opoD,  Om 
olbtn  eluHil.    Probabljr  ■  Of  li  naiet  c>u|lit  by  Uie  lecUi  u  hen  repteWDled. 
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A-lnged  with  stiff  briallvs  so  placed  as  U>  mterlock  when  the  trap 
is  shut.  Tlic  upper  face  of  each  hair  is  somewhat  convex  when 
ttie  tiap  is  o|)cn,  and  ti]>on  it  then*  are  tliree  ili'licnU.-  hairs  which 
src  exccedingl_y  sensitive.  Supposing  tlid  plnnt  to  be  in  health 
And  under  favuratile  coDditioQs,  the  liglitcst  touch  upon  one  of 
tlie  Imirs  upon  the  face  of  tlie  tra))  will  cause  the  valves  to  close 
instantly',  t>ririging  tlioir  edges  in  apposition.  A  light  touch  ia 
ttie  median  line,  that  is,  at  the  hinge,  will  produce  the  same 
elTcct.  TliL-  sensitive  hairs  each  consist  of  several  rows  of  elon- 
gnttHi  cells  so  arranged  as  to  (biTU  a  cuniml  filament  resting  on 
a  conBtriot4Ki  base  and  attached  l>j*  an  articulaiion  to  n  roundetl 
group  of  cells.  This  structure  enables  tiia  hairs  to  bend  wbea 
Uic  trap  is  shut. 

896.  The  digestive  apparatus  consists  of  minute  reddish 
short-stAlkcd  gluuils  mndi*  up  of  n  few  ]iol,vhfdraI  cells.  These 
do  not  socri'to  m\y  fluid  unless  esriled  by  ihe  presence  of  food- 
materials,  when  they  secrete  copiously  n  colorless,  glnirj'.  acid 
liquid,  containing  on  unorganized  ferment  similar  to  that  priKluced 
by  the  stomach  of  animals,  if  not  identical  with  it.  Scattered 
among  tite  secretory  glands  arc  numerous  compound  hairs  formed 
of  eight  divergent  i^lls,  which  are  generally  orange  or  brown 
in  color. 

897.  From  experiments  by  Darwin  and  others  it  is  clear  that 
dry  albuminous  solids  do  not  excite  the  action  of  tlie  glands,  but 
if  moisteneil  very  slightly,  they  call  the  glands  into  activity. 
Moreover,  if  Uic  bit  of  meat  or  other  allximinous  matter  be 
placed  on  the  valves  in  such  a  way  as  not  to  spring  tlie  trap,  the 
valves  will  soon  slowly  close  without  Rirther  loiich.  Aggrega- 
tion tikes  pincc  in  Uic  cells  of  tlie  glands  in  inncti  the  same  way 
as  in  Droscra. 

898.  When  a  small  insect  is  canght  by  the  springing  of  the 
trap,  it  can  escape  after  n  time  through  the  spaces  Ivn  between 
the  bristles  at  tlic  border ;  but  if  the  insect  is  of  moderate  size, 
its  eseajM  Is  impossible  :  the  valves  shnt  down  more  and  more 
tightly  upon  it,  and  digestion  soon  begins. 

899.  The  opening  of  the  valves  after  digestion  takes  place  in 
different  times  according  to  the  vigor  of  iho  plant  and  nature 
of  the  prey.  After  a  mere  touch  by  which  the  trap  is  spning 
without  anything  in  it.  the  valves  will  again  open  of  themselves 
in  a  day  or  even  less.  Vi  hen  the  trap  is  tJoscd  b>  a  bit  of  meat, 
the  valves  open  in  from  three  or  four  dnys  lo  rather  more  than 
a  week ;  when  it  closes  over  a  large  insect,  they  remain  shut  for 
A  much  longer  lime,  even  for  a  b 
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900.  Canb}'*  states  that  he  has  known  "vigorous  leaves  to 
devour  their  prey  several  times ;  but  ordinarily  twice,  or  quite 
often  once,  was  enough  to  render  them  unserviceable."  Mre. 
Treat  ^  ol)servcs  tliat  *'  several  leaves  caught  successively  three 
hisects  each,  but  most  of  tliem  were  not  able  to  digest  the  third 
fl}',  but  died  in  the  attempt.  Five  leaves,  liowever,  digested 
each  tliree  flies  and  closed  over  the  fourth,  but  died  soon  after 
the  fourth  capture.  Man}*  leaves  did  not  digest  even  one  large 
insect.'* 

901.  The  following  experiments  by  Darwin  illustrate  the  flow 
of  the  secretion:  *' A  bit  of  albumin  «|'j  of  an  inch  square  liut 
only  ^  in  thickness,  and  a  piece  of  gelatin  j^  inch  long  and  ^ 
broad,  were  placed  on  a  leaf  which  eight  days  afterwards  was 
cut  o))en.  The  Bui*face  was  bathed  with  slightly  adhesive  acid 
secretion,  and  the  glands  were  all  in  an  aggregated  condition. 
Not  a  vestige  of  the  albumin  or  gelatin  was  left.  Similarly 
sized  pieces  were  placed,  at  the  same  time,  on  wet  moss  in  the 
same  |>ot,  so  as  to  be  subjected  to  nearly  similar  conditions; 
after  eight  days  these  were  brown,  decayed,  and  matted  with 
fibres  of  mould,  but  had  not  disappeared." " 

902.  That  the  digested  mattera  are  absorbed  bj-  the  leaf  has 
been  shown  b}*  the  sixjctroscope,  as  in  the  case  of  Drosera ;  but 
no  experiments  are  3*et  on  record  as  to  the  effect  of  this  nutritive 
matter  on  the  plant. 

The  character  of  the  movement  b}'  which  the  trap  is  sprung  is 
spoken  of  in  the  chapter  on  '*  Movements."' 

903.  Other  insect-catching  Droseraoeas.  Drosera  and  Dionsea 
are  members  of  the  order  Droseraceae.  Its  four  remaining 
gepera  have  also  the  power  of  capturing  insects. 

Aldronamla  has  been  well  called  a  miniature  Diona?a.  Its 
bilobed  leaves  float  in  water  (the  plant  being  destitute  of  roots). 
Each  leaf  is  two-valved,  something  after  the  fashion  of  Dionaea, 
but  each  valve  is  made  up  of  two  parts.  One,  near  the  hinge 
in  the  median  line,  is  provided  with  colorless  glands;  the 
other,  a  sort  of  thin  film  outsicle,  has  no  true  glands.  On 
the  inner  part  there  are  some  extremely  delicate   hairs  which 


1  Cited  by  Darwin :  Insectivorous  Plants,  1875,  p.  311. 

*  Insectivorous  Plants,  p.  302. 

■  Bunion  Sanderson  has  investigated  the  electrical  distnrlxince  which  takes 
place  wljcn  the  tmp  of  Dioniea  is  sprung.  For  detiiils  and  conclusions  see  the 
following  pn|>er8  :  Proci*edingH  of  the  Koyal  Society,  vol.  xxi.  p.  495,  and  Na- 
ture, X.,  1874,  pp.  105,  127.  Hut  similar  electrical  dibturbances  aix*  exhibited 
when  any  fivsh  vegetable  structure  is  sharply  bent. 
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hare  boi'n  shonii  to  Iw  ecnsilire,  and  on  touching  th(>m  tll9 
valves  cli)9c.  By  this  pknt  minute  watur-iiisi.'ctd  iiuil  cnisui- 
ceana  are  capUit'cd  (see  Fig.  ISIU). 

DrusiiphjUum,  a  mm  plant  fonnd  tn  Portugal,  catcliEa  Insects 
by  11  visdd  sccivtion  from  niiiintti  mush  room- si  ia|M>il  glunds. 
The  teiitaclea  do  not  liaio  Uio  power  of  movement  possessed 
by  those  of  Droscra.  That  its  glands  can  secrete  a  digcstlva 
fluid  ap|>enrs  from  Mr.  Darwin's  exjKirirueuts. 

Jioridul'i,  fiiimd  at  tlie  Usp«  of  Good  Hope,  and  Bi/bli*,  of 
wosti>ru  Austi'ulia,  closely  rcaerahle  the  viscid-haired  Di-oBei-neea;, 
wliieli  have  Iwen  esamini.-«l  in  a  fresh  state,  am)  they  have  been 
atliled  to  lliQ  li«t  of  the  uiseet-eatehing  plants  of  the  onh>r, 

1^04.  Pln^ulcala  is  au  calk-d  fWini  the  greasy  appeai-nuoc  pro- 
scntcil  l)y  Uiu  np|>cr  snrfa<»!  of  ita  leaf,  dno  to  the  esistuncc  of 
great  uumliers  of  disc-like  glandular  Imira  with  short  stalks. 
The  ghiiididai'  i-harauter  of  the  haira  is  shown  by  the  secretioa 
wbii'h  cxudcit  from  Uium  even  when  tliey  ara  not  irriUt<-d. 

90J.  The  secretion  which  (Iowa  when  llic  leaves  of  FinguicnU 
are  not  excite<l  by  the  presence  of  allmminona  niatl«r  is  neutral ; 
but  ujxtn  oxeitnljoii  of  the  leaf  it  becomes  acid,  far  moi-e  copious 
in  amount,  and  has  tlic  )K>wer  of  digesting  nitrr^noiis  organic 
substances.  At  that  time  the  clear  contents  of  the  cells  at  ttia 
glands  also  ItmxMiiit  nggregaLi»l,  tuucli  as  in  the  (iutc  of  tii<^  cells 
in  DEOscra ;  and  tliis  fact  is  adduced  by  Oarwiu  as  proof  that  tlic 
(ligesteil  mattera  are  olisorbcd. 

OOG.  In  aljoiit  tlirce  hours  after  kd  insect 
alighta  upon  a  leaf  of  I'inguieiila  tlio  pinrghi 
begins  to  roll  over  it  and  envelop  it.  In  the 
manner  shown  by  tlic  Hcv<>m|ianying  ligiire. 
The  following  ex|M'rimeut  by  Darwin  shows 
what  takes  place  in  this  incurving:  "A  young 
and  almost  upiight  V'&T  was  selectMl  witli  its 
two  lateral  eilgea  equally  and  very  slightly  in- 
curved. A  row  of  small  flics  was  [>laL-e<l  along 
one  margin.  When  lookeil  nt  next  day,  after 
Un«eii  hours,  tliis  margin  Imt  not  tlie  other  was 
found  folili-d  inwards,  like  the  helix  uf  the  human 
ear,  to  Ibc  breadth  of  one  tenlh  uf  au  inch,  so 
as  to  lie  partly  oier  the  i-oiv  of  Hies.  The 
glands  on  which  the  fliea  rested,  aa  well  aa  those  on  the  over^ 
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lapping  mai^n  wliicli  had  been  brought  into  contact  with  the 
flies,  wore  all  secreting  copiousl}'."  ^ 

The  incurvation  lasts  for  only  a  day  or  two,  alTter  which  the 
leaf  assumes  its  former  position  :  fragments  of  glass  keep  the  mar- 
gins incurved  for  a  shorter  time  than  do  nitrogenous  bodies.* 

907.  Darwin  suggests  the  two  following  advantages  which 
the  plant  can  derive  from  even  this  transient  inrolling:  (1) 
the  captured  food  and  the  secretion  are  protected  from  rain, 
and  (2)  the  food  is  brought  into  contact  with  a  larger  number 
of  glands  than  if  the  leaf  remained  flat. 

908.  It  appears  probable  that  the  leaves  of  Pinguicnla  derive 
some  nourishment  from  the  seeds,  etc.,  which  ma}*  fall  upon  them. 
*'  We  may  therefore  conclude  that  Pinguicula  vulgaris,  with  its 
small  roots,  is  not  only  8up|K)rted  to  a  large  extent  by  the  extraor- 
dinar}'  number  of  insects  which  it  habitually  cnpturcs,  but  like- 
wise draws  some  nourishment  from  the  |>ollen,  leaves,  and  seeds 
of  other  plants  which  often  adhere  to  its  leaves.  It  is  tliercfore 
parth'  a  vegetable  as  well  as  an  animal  feeder."  • 

909.  Utricalaria,  a  genus  named  from  tlie  ntriculi  or  little 
bladders  found  on  the  dissected  leaves  of  some  of  its  species, 
belongs  to  the  same  natural  oixler  as  Pinguicula.  Its  members 
capture  minute  aquatic  animals  b}*  means  of  |>eculiar  traps. 
Each  bladder  has  at  its  mouth  a  few  diverging  hairs,  while  just 
within  the  orifice  there  is  a  sort  of  trap-door,  which  can  IniJifted 
b}-  a  slight  touch  and  then  falls  b}-  its  own  weight,  covering  the 
mouth  and  preventing  egress.  If  a  small  aquatic  animal  passes 
througlv  the  entrance  and  pushes  b}'  the  funnel-shaped  trap-door, 
it  is  securely  imprisoned.  The  interior  of  the  bladders  is  lined 
more  or  less  thickly  with  peculiar  glandular  hairs  not  ver}'  unlike 
those  intermingled  with  the  glands  of  Drosera,  and  found  also  on 
the  valves  of  Dioniea.     These  are  either  bifid  or  quadrifid. 

910.  According  to  Darwin  these  hairs  have  the  power  of  ab- 
sorbing dissolved  matters  in  a  state  of  deca}',  but  there  is  in 
them  no  true  digestive  capacity.  If  the  plants  can  utilize  ani- 
mal matter  at  all,  it  is  oni}*  after  it  has  become  dissolved  during 
the  process  of  decay. 

911.  GenlLsea.  The  plants  belonging  to  the  genus  Oenlisea 
—  a  genus  allied  to  Utricularia  —  have  two  kinds  of  leaves,  ordi- 
nary an<l  bladder-bearing,  and  the  bladdei's  have  something  of 
the  same  arrangement  at  the  orifice  as  has  already'  been  alluded 
to  under  Utricularia. 

1  Insectivorous  Plants,  p.  371.  '  Insectivorous  Plants,  p.  390. 

*  Insectivorous  Plants,  p.  377. 
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SArracenta.     All  of  the  eight  species  of  tliis  g 


s  have 


liulloneil  phj'Uotlia,  whiub  fonn  sivndi-r  piu-bcrs  o 
I  best-kiioivii  apt^cios,  S,  [)ur|iurea,' the 

urn  is  gciiei-allj'  so  held  lliat  iiiiii  i-nn 
I  fall  diret'lly  iiilu  it ;  in  rni.-t,  tlic  upriglit 

foliar  expansiuii  would  seem  to  insure 

thnt  noDf  be  lo-st.     In  8.  flava,  Drum- 

moiiilii,    and    nibr.t,  tbe  pitt-liera  are 

inni'c  nearly  vertical,  and  the  lid  at  the 
I  mouth  of  the  lube  bo  dis[xiscd  when 

I  ^^^^       ilie  leaf  is  young  as  to 

^MH^^    .'-hod  foi'  the  most  part 
L  ^^H    ■'<" '''"''^  foll>*  thervun; 

^^^^B  ^jlf^l    ><iit  in  the  older  leaves 

^^^^^L  ^K  H  ^^"^  '''^'  ^^''^"'^^  some- 
^^^^^E       Ih[  JH    ^''^'^  l^veD 

^^^^^E  ^H  a^  the  lattcv  iKisition  a  |)of- 
^^^^^^^  ^1  ^B  ti'^iofthcrainlhat falls 
^^^^^B|*  ^H  ^V     upon  the  ear- 

^^^^^P    ^BB  In   the  re- 

^^^^^P*  ^MS      maining  species,  S.  variolaris  and  psittacina,  the 


a  roof  nUich  keeps 
the  lain  fram  entering  the 
lube.  In  nil  the  wisea  there 
is  usually  (^onsiderable  water 
in  the  |iilcli(-rs;  in  tbe  last 
two  species  it  probably  all 


comes  fl'om  within  as  a  se- 
cretion. 

913.  i^arracenia  variolaris 
has  been  long  known  to  at- 
ti-act  insects  to  tlie  leaves. 
Passing  over  the  earlier  tio 
lices  referred  to  in  the  Bib- 
liography, pa}re  351,  the 
following  quotation  fVora 
MacBvide,'  written  in  1815,  will  indicate  sufBeicntly  the  char- 
acter of  the  attraction :  -^ 

■  Schimper:  BoUuisclu.' Zeiiun^,  IS^S,  ii.  S25. 

*  Tiaiiuftioai  of  tht^  Linuiuii  SwUty.  xiL,  lilS,  p.  <S. 
Via.  la.    Fficlwr-laTca  of  Summlit  parpurta ;  ddo  liu  llw  uppoi  |«n  cat  BWajr. 
FlU.  IM.    Ptlcbar  of  SunKCiiU  tiriiJul*. 
n».  ua    ntdui  staamuMla  pMludBB. 


ASSIMILATION. 

"  The  cause  whii'h  nttracls  flics  is  (.■videntlj-  n  viauiti  substance, 
resembling  Uoiie.v,  secreted  by  or  esuciiog  from  Uie  ink-inal  sur- 
fiic«  of  thi!  tulie.  Fi-oiQ  the  margin  whore  it  c-ommences,  it  does 
not  csteiul  lower  than  one  fourth  of  an  iiiL'h.  The  falling  of  ilia 
iiiseut  as  smm  as  it  enters  the  tnlto  is  wliolly  attril)ut;il:le  to  the 
donnwnrd  or  inverted  |)oaition  of  the  hairs  of  the  internal  surface 
of  tlie  leaf.  At  tue  bottom  of  Ibe  tube,  split  o|ien,  the  haii-s  are 
piniuly  disuernible.  i>oinling  downwards;  as  the  eye  ranges  up- 
ward the)'  gindiiully  l>ei-onie  shorter  and  ntteiiualed.  till  at  or 
just  lK;iow  the  surface  eovered  with  the  bait,  they  are  no  longer 
[wrceptible  lo  the  naked  eye  nor  to  the  most  delicate  lourb.  It 
is  hei-e  that  tlie  fly  oanuot  take  a  hold  suHlcicntly  strong  lo  sup- 
port  it«elf.  but  falls." 

914.  The  tissues  of  the  internal  snrfnces  of  the  pitchers  have 
been  classincd  by  Hooker  in  the  following  manner:  — 

"  (1)  Ah  allriictiee  surface,  occupying  the  inner  surface  of 
the  lid,  which  [msscsaes  slomata,  and  (in  common  with  tlie 
mouth  of  the  piti-her)  minute  honey-secreling  glands;  tt  is, 
rurtlier,  otlcn  more  highly  colored  than  aiij  other  pait  of  the 
pitcher,  in  order  to  attract  insects  to  the  honey. 

"  {i}  A  coiiiliictiuy  Kurfiice,  which  is  opaque,  foi-med  of 
glassy  cells,  which  arc  produced  into  deflesed,  short,  conical 
processes.  These  processes,  overlapping  like  the  tiles  of  a 
house,  form  a  surface  down  which  au  insect  slips,  and  aObrds 
no  foothold  to  one  attciupting  \n  crawl  up  again. 

'•(3)  A  fflanilular  nur/iice  (seen  inS.  purpurea) ,  which  occu- 
pies a  considerable  portion  of  tlic  cavity  of  the  pitcher  below  the 
conducting  surface.  It  is  formed  of  a  layer  of  epidermis  with 
sinuous  cc'.ls,  end  is  studded  with  glands.  Being  smooth  and 
poli:>hed,  th'.Si  too,  affords  no  footliold  for  escaping  insects. 

"  (4)  A  delenlive  eurface,  which  oceuples  the  lower  part  of  the 
pitcher,  iu  some  cases  for  nearly  its  whole  length.  It  possesses 
DO  cuticle,  and  is  studded  with  deflexed,  rigid,  glass-like,  needle- 
formed  hairs,  which  fuitlicr  converge  towards  the  asis  of  the 
diminishing  cavity ;  so  that  an  insect,  if  once  amongst  Ihera,  is 
effectually  detained,  and  its  struggles  have  no  other  result  than 
to  wedge  it  lower  and  more  firmly  in  the  pitcher." 

915.  Mellichamp  describes  a  line  of  saccharine  liquid  which 
leads  np  fi'om  the  base  of  the  leaf  to  Vs  brim.  This  eccrelioa 
comes  from  glands  at  the  month  of  the  pitcher  ;  but  it  is  found 
only  at  certain  [lerioda.  Led  by  this  lure,  insects  are  drawn 
towards  the  brim  of  the  pitcher,  and  sooner  or  later  they  are 
caught  in  considerable  numbei-s  in  the  pitchers  themselvea. 
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DIG.  The  exact  nattire  of  the  liquid  in  the  pitchirs  is  not  ftiUy 
limlci'stood.  Mt'Uii-]iiun|rs  otiscrvut  inns  sccin  to  iii<)imt«  lliat 
il  lia-s  lilt'  iKjivor  of  nwrclcrining  tlie  dei'om|>usit.i<iii  or  ttnimal 
mnlt^T.  Nutliijig  is  ,vot  known  (tosilivoly  ns  to  llitr  innnticr  In 
uliicli  tlio  pj-oducta  uf  dci-om|x>ai[iciii  nn  iililixcd  by  the  (ilant, 
ir.  indeeil,  lln-j-  arc  at  ull  s<'rvici;alile  to  il,' 

917.  Darllngtanti  litis  Ik^ii  examined 
by  Caiibv,  who  linds  strung  indications 
that  it  allnres  insects  nuicU  as  Xbti  Marra- 
ecnias  do, 

918.  NepenthM.    Tbisstriliing  plnnt  has 
long  l)eeii  a  favor-    i 
itc  in  tlie  green- 
liunsc  on  ai-connt 
of    ila    peculiar 
leaves,  which  often  combine 
a  blndu,  a  tendril,  and  a  wcll- 
(Virnidl  urn.    The  species  of 
Nepenthes  (about  thirty  in 
nnmber)  produce  pitchers  at 
the  cxlretnily  of  their  tendril- 
lilcc  leaves.    When  the  |ilants 
are  yonng  those  pitchers  nre 
less  elongated  and  arc  apt  to 
rest  on  the  gronnd,  and  tu 
snch  plants  their  whole  intc-         '°' 
rior  is  clothe<l  with   secreting  glands. 
When  the  plant  is  older,  the  pitchers 

'"  become  more  distinctly  tuhnlar,  and  do 

not  possess  such  conspicnoiis  wings  as  those  fonnd  in  the  form 
Just  mentioned.    All  of  them  have  lids ;  in  one  rase  the  lid  ii 

'  Il  is  inUrt-iliiig  lo  olwerve  wnie  of  the  porly  coiyn-tiire*  »»  to  llid  [in>l*blB 
UK  or  ttirw  |iil(.-lier>,  "  Morrison  apeiku  uT  llin  liil,  whk'li  ill  all  tlici  xlK-cin  is 
tolerably  liRiilly  fixwl,  bb  tving  furiiwhwl  hj  l'rovlJen''o  with  ■  hiii;^-.  This 
iili-a  wu  ■•li>|iUi|  li;^  LiniisD*,  »ai  tonmrhM  aiD{ililii)J  l>y  niutPMlinji  wHbiT^ 
who  dccbrvd  that  in  dry  wMthcr  Ihi  lid  clnud  iivvr  Iha  monlh  and  checked 
(tic  lins  iif  wnlTT  b;  cfaporalion.  Calfial'jr,  in  hin  liiiu  work  on  ih*  'Katun] 
Kiitury  of  CaniliiM.'  >u[ijiikwiI  that  ibiwH  walor-iwoplarln  Tui|clit  **rrve  ■■  aa 
aayluiu  or  vnure  relimt  for  tiuneniiia  incn'ts,  fnxii  tngi  and  Mh«r  aninudi 
vhii'b  fiii'il  un  tlirm  ;'  and  olhrra  roUovr«d  Linnaiua  In  rrgantind  the  [dtelMn 
aa  rpBrrroin  far  tarda  and  othsr  aaiinalB,  nurv  »|ipcliilly  in  tini«t  uT  draught" 
()looker'«  Addivsi  Man  Bnlinh  Auodation,  lS7t).  But  Bunic-tt  rcgsnlcd 
thi:  tabes  na  rloKlj-  nnalopius  lo  llir  Htiiriinrli"  of  niiimnla. 
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thrown  back,  but  in  the  others  its  overarching  is  a  conspicuous 
featui*e.  The  luoulh  of  tlic  pitcher  is  strengthened  by  a  thick 
rim,  near  which  are  very  numerous  glands  secreting  a  sweet 
liquid.  In  the  interior  of  the  pitcher  there  is  a  conductive  sur- 
face, somewlmt  like  that  seen  in  Sarracenia.  This  extends  for 
some  distance  down  from  the  mouth,  and  is  frequently  crowned 
by  a  sort  of  funnel-like  appendage  of  the  rim.  Below  the  con- 
ductive surface  there  is  a  secreting  surface  dotted  with  innu- 
merable glands.  According  to  Hooker,  from  whose  notice  many 
of  the  facts  here  given  are  taken,  there  are  three  thousand  of 
these  glands  in  a  square  inch. 

The  fluid  whidi  collects  in  the  pitchers  has  l)een  shown  by 
Gorup-Besancz  and  Will  to  In?  neutral,  or  only  very  slightly  acid 
in  reaction,  unless  animal  matter  has  l)een  introduced.  If,  how- 
ever, any  animal  matter  has  been  plac»ed  in  the  pitchers,  the 
glands  give  forth  an  acid  secretion,  which  c*ontains  an  active 
ferment  that  resembles  pepsin  and  has  the  |)ower  of  digesting 
albuminous  substanc*es.  It  is  an  interesting  fact  that  the  neutral 
secretion,  although  it  has  not  the  power  of  digesting  albuminous 
matters,  becomes  efficient  at  once  upon  the  addition  of  a  small 
amount  of  acid  (formic).  During  digestion  the  glands  exhibit 
the  same  phenomena  of  aggregation  as  observed  in  Drosera. 

The  absorption  of  animal  matter  b}'  Nepenthes  has  been 
proved  by  the  Lithium  method. 

919.  By  the  viscid  or  glandular  hairs  of  a  large  number  of 
plants  insects  are  sometimes  caught,  but  to  what  extent  these 
hairs  serve  in  digestion  and  absorption  is  not  yet  clear.  From 
experiments  by  Darwin,  it  appears  that  in  some  cases  at  least 
the}'  may  aid  the  plant  in  absorbing  anmionia  compounds  found 
in  rain  and  in  the  atmosphere,  and  that  the  glands  ma^*  also 
"obtain  animal  njatt<»r  from  the  insects  which  are  occasionally 
entangled  by  the  viscid  secretion."^  One  case  merits  particular 
attention  ;  namely,  that  of 

920.  DipsacQSy  or  Teasel.  Francis  Darwin  has  called  atten- 
tion to  the  extraordinar}'  character  of  some  of  the  hairs  of  this 
plant.  The  following  abstract  gives  onl}'  the  briefest  outline 
of  his  interesting  pajxir. 

The  glandular  hairs  are  multicelhilar  and  pear-shaped,  being 
8upiK)rted  by  the  small  end  on  a  cylindrical  stalk,  which  rests  on 
an  epidermal  cell.     At  the  summit  of  the  gland  where  several  of 

1  Darwin :  Insectivorous  Plants,  p.  355.  The  catchfly  (Silenc)  should  be 
•xaniined  with  reference  to  this  point. 
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the  radiating  cells  meet,  threails  of  gflatiiions  matter  can  be  seen 
to  protrii'le  under  certnin  ci  if  it  m  stances.  No  a|iprtiire8,  how- 
ever, tnii  be  seen  ihi'oiigli  wliich  till!  lilameiitH  come,  lliereforo 
it  is  thought  thnt  they  exteml  din-etl.v  through  the  cell-walls. 
They  have  been  ohuwii  to  v-onsiat  of  protoplasrnii;  matter  vfith 
which  a  certain  amount  of  ro»iuous  subalance  is  ctimliiiwd,  atid 
nt  tiraca  Ihey  contract  violcntlj',  becoioe  tliickcr,  ami  at  last 
lorni  a  small  ball  on  ttio  summit  of  the  gland.  The  contraction 
tun  tic  iimltii.'cd  by  many  chemical  ami  physical  agents,  e.  y., 
ammonic  carhnnnte.  If  a  flinment  under  the  microscope  is 
treated  with  a  drop  of  a  2  per  cent  eolutiou  of  the  carbuimtc,  tlia 
fullowing  changes  occur:  The  lllament  contracts,  bat  almost 
instantly  recovers  itself,  and  is  once  more  protruded ;  it  doits 
not.  however,  regain  its  original  form  or  appearance ;  iotitca<l  uf 
consisting  of  thin  clongntc<l  rojies  of  a  highly  ivfV^cting  sub- 
st.ini.-e.  it  is  converted  into  nccklace-liko  masses  which  strongly 
reeenibte  the  aggregations  found  in  the  true  insectivorous  plants. 
Beal  has  desenbod  sorncwimt  similar  hairs  on  some  thistles. 
It  is  not  the  province  of  tliia  volume  to  discuss  tlie  itiiiguler 
relationships  which  aiv  prescntt-d  by  these  groups  of  insec- 
tivorons  plants.  Attention  must  lie  directed,  howex-er,  to  the  fact 
that  Oionica  and  Drosera,  with  their  widely  different  mechnn- 
isma  for  the  capture  of  insects,  belong  to  the  same  natural  family  ; 
and  timt  Pingnii-nla  and  Utritulnrin,  with  me(lio<ls  equally  di- 
verse, ai-e  very  nearly  allied  plants.  Such  facts  can  be  explained 
in  (lart  by  the  theoiy  pivsentcd  in  Volume  I.  page  32S,  —  the 
'"Thew-y  of  Descent."' 

>  Tho  roUowiug  list  will  introduM  the  Miiilriit  to  sonio  nf  tlia  |irinHp«I 
WOTk»  PiMJii  im«ti»nroii»  plniils.  A«  iha  list  is  chronologi<;aIl]r  ■miiignt,  it  nity 
Berva  w  ■  brivf  liistory  of  tlii>  siiliJFct. 

17B8.  John  EllU :  "  Do  Dioniea  rouscipuU."  A  Utt*r  to  Sh  Ch.r1«  Un- 
ii«ui  ilM<:ri|itive  ol  th«  m*lho(l  liy  wlii<-h  this  fly.lni|i  cupturrs  inserl*. 

17S3.  KoCh :  "  Von  rlor  ReiiUirkiiit  ii«  so^ntiinUn  Saimnothiiuci,  Drn»>n 
mtuniliralia  und  loDxirulia  "  [Bt^iiniec  mr  Bolnoik,  Brnninn,  Th.  1,  no.  ir,  p)>. 
eo-79).  An  Moount  uf  olsomtiouii  beBUii  iu  1779  on  the  imlftliilily  of  Ihi 
glinib  of  *iiu-di'W  \rAvr*,  Htioainn  lh«t  ttipy  re»iioird  to  contart  wi^  in- 
Mi<t*,  but  nut  to  ■  pin  or  Ut  of  ttmv.  Elulh  ini^{p«tfl  that  the  pUnt  iii*]r 
poaiibly  tTcdveMnw  nourishmriit  fn.iii  tli«  iii»n.1«.  (In  Dtrwin*  Botitnio 
tianlvD,  17S0,  p.  Zi.  it  U  iitiitrd  that  WhMtely  had  nuulu  id  England  obvm- 
tiinu  cimiUr  tn  Ihose  of  Itoth. ) 

1701.  Ftnrtnni  :  "TritvU  llirongh  North  nnd  Sontli  Onnilhui.  rte.'  Tliia 
book  contniiii  ■  ihort  sketch  ot  the  ciptilrr  nf  iiian'tii  liy  Sntrncrniit. 

laiS.  M«rhriile:  "On  tlir  piiwer  uf  S.irniri?niBiiiluncn  tn  entrap  iiiii*ct«' 
(TniiuMtiuas  of  the  Linninn  Sw-iptjr.  xiu,  1818,  IS-SS). 

18SII.     Bnroett,  in  th*  goutwty  Jounul  ot  SoiwM^  Utcntui,  aud  Arl«, 
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921 .  Epiphjtes,  or  air-plants,  obtain  their  food-materials  wholly 
without  contact  witli  the  6oil.    It  is  supposed  that  the  ash  materials 


iL  290,  also  gives  an  account  of  Sarracenia,  together  with  a  description  of  its 
digestive  powers,  and  compares  its  hollow  leaf  to  an  animal  stomach. 

1834.  Curtis,  in  the  Journal  of  the  Boston  Society  of  Natural  History,  i., 
pp.  123-125,  gives  a  description  of  the  irritability  of  Dionaea,  and  of  its  mode  of 
action. 

1848.  Benjamin  :  '*  Uelierden  Ban  und  die  Phjsiologie  der  Utricolarien  *' 
(Botauische  Zeitung,  vi.,  pp.  1,  17,  et  teq,). 

18r»0.     Cohn  :  **Uebcr  Aldrovauda  vesieulasa"  (Flora,  p.  673). 

1855.  Greenland  :  *'  Note  sur  les  orgaues  glanduleux  des  Droeera*'  (Ann. 
des  Sc.  uat  l>ot.,  s^r.  4,  tome  iii.  p.  297). 

1855.  Trecul :  *'  Organization  des  glandes  pcdicell^es  de  la  fenille  du 
Drosera  rotuudifolia **  (Ann.  des.  Sc.  nat.  bot.,  scr.  4,  tome  iii.  p.  803). 

1859.  Caspary :  ''Aldrovanda  vesiculosa"  (Botanlsche  Zeitung,  zviL 
p.  125). 

1860.  Nitschkein  Botanlsche  Zeitung,  xviii.  p.  57,  and  xix.,  1861,  p.  145, 
gives  an  excellent  description  of  Drosera,  and  an  account  of  simple  but  telling 
experiments  upon  tb<>  sensitiveness  of  the  leaves. 

1860.  Darwin  began  his  experiments  upon  Drosera,  not  published  until 
much  later. 

1862.  Botanlsche  Zeitung  of  this  year  (p.  185)  contains  a  second  article  on 
the  subject  of  Aldrovanda  by  Caspary. 

1863.  Scott :  **0n  the  Projjagation  and  Irritability  of  Drosera**  (Garden- 
era*  Chronicle,  p.  30). 

1868.  Canby  published  an  account  of  experiments  on  feeding  Dionsea,  in 
the  Gardener's  Monthly,  p.  229. 

1872.  Ziegler  :  **Sur  un  fait  physiologique  observe  sur  des  feuilles  de 
Drosera"  (Comptes  Bendus,  Ixxiv.  p.  1227). 

1873.  Treat:  "  Ohsprvntions  on  the  Sun-dew  *' (American  Naturalist,  vii. 
p.  705).  In  this  paper  Mrs.  Treat  describes  experiments  i-elative  to  feeding 
Drosera  carrie<i  on  in  1871. 

1873.  A.  W.  Bennett:  "On  the  movements  of  the  glands  of  Drosera** 
(British  Assotnation  Keports,  xliii.  p.  123). 

1873.  Stein  :  "  Ueber  die  R<'izbarkeit  der  Blatter  von  Aldrovanda'*  (Ver- 
handlungen  des  bot.  Vereins  fiir  die  Prov.  Brandenburg). 

1874.  Burdon  Sanderson  :   "  Venus's  Fly-Trap"  (Nature,  x.  p.  105). 
1874.     Asa  Gray  :  "Insectivorous  Plants"  (Nation,  xviii.  pp.  216,  232). 

An  account  of  the  ob.servati(ms  communicated  by  Darwin,  and  a  short  resumi 
of  tfic  subject  up  to  that  date. 

1874.  Mellichnmp  :  **  Researches  on  the  pitchere  of  Sarracenia  variolaris, 
and  the  way  in  which  insects  are  caught  in  them  "  (Nature,  x.  p.  253). 

1874.  Hooker:  Address  Iwfore  the  British  Association  for  the  Advance- 
ment of  Sciencis  published  in  full  in  the  Report  for  1874.  This  address  gives 
an  excellent  account  of  the  digestive  jHJwera  of  various  carnivorous  plants, 
e8j>ocially  Nt'i>onthe^. 

1875.  J.  W.  Clark  :  *'0n  the  absorption  of  nutrient  material  by  the 
leaves  of  some  insectivorous  ]»lants."  This  article  p^ves  tlie  results  of  experi- 
ments on  the  aksorptive  capacity  of  Drosera  and  Pinguicula,  conducted  with 
the  aid  of  the  spectroscope. 


wliicli  llioy  incorporate  como  to  them  in  the  form  of  dust,  wliich 
subsequently  dissolves  and  m  absorl>e<l.  Tlie  aoui'ces  of  tUeir 
caibon  and  nitrogeu  have  alrea<l_\'  been  sufficiently  explained. 


1875.  Darwin  :  "  Inarttirorous  PInuls."  A  work  of  462  pugta,  nj 
half  of  which  is  devoted  to  DruKni.  At  the  close  of  bla  eilmil! 
of  bis  ei[ieriments  npoa  this  pliiDt,  Hr.  Danriii  w>'a  :  "  I  hare  now  friven  a 
brief  rvratUtulaUoti  of  the  diicf  point*  obBrrrcil  hy  nu  with  reapeut  to  ihg 
ttnictun^  nuivemonts,  coiiilitulion,  and  hsLits  of  Droiera  rotDiidifolin  ;  nnd  we 
Me  how  little  haa  been  made  out  in  compumon  with  wlut  remniiii  unexplained 
and  unkiioivn." 

1876.  Reecs  aod  Will  :  "Bini)^  Bemerkungm  iiber  fleisGheaaende  Pflas- 
len  "  (Botaniwho  Zi'itung,  p.  713], 

ISifi,  Caiiby  :  "  Darlington ia  C.'alironiica  "  ( Ptocccdingi  Ameri<:au  A»so- 
datioD,  p.  61). 

18/6.  Cohn  :  "  Felicr  die  Funclioii  der  BlasEn  von  AlJi-ovaniia  und 
UtrivnlarU"  (Beltnigi:  cnr  Biologie  der  Plluiizen). 

1875-4.  Morrra  pulilUhcd  in  the  BiitUtin  of  the  Ruyal  Acadnny  at  Bel- 
^um  the  reanlia  of  eiiwrjnienla  whiuli  may  be  inlrrprvted  as  iliawing  that 
^e  plants  derire  no  benefit  from  their  inar^'ts. 

1875-G.  Gorup-Beuncz  and  Will  pahlished  »nie  obMrrationa  n-gardinff 
a  pr|>lon-rormini;  ferment  in  plantar  in  6iMuugabBrii:htu  d«r  pbysikaliach- 
niediinuiu:h«  Sucivlat  n  fCrUogi'ii. 

1B76.  Fraucia  Darwin  :  "  The  proceaa  or  nj;2"'gitiati  in  tlic  tentaclea  of 
Droacra  rotuiidifolia "  (Quarterly  Journal  ol  Mlurnacopical  Scieinw,  tri. 
p.  800). 

1878.  Sydmy  H,  Vinrs :  "On  tbn  digpitirs  ferment  of  N'cpenthea" 
(Joarnal  of  Anatomy  and  Physiology,  xi.  p.  IZt). 

1S76.  FiiiTm  :  "KechcrchRa  aur  la  structure,  le  mode  de  formation,  et 
qucliinos  ininti  relatifa  anx  fonctiona  dua  nrnes  ubei  lo  Xapiinlhes"  (Cotnptea 
KendiiK,  l>:xxiii.  p.  1155), 

1576.  Muuk  :  "  Die  elektriwhcn  unJ  Beweguiigsercbeiriungon  am  Blaltar 
der  DioiiKu  muaoipula." 

1577.  Cntmcr  :  "  Ueber  die  inaectenfraaenilen  Pflnnirn." 
1877.     Aachman  ;  "  Lea  plnnUte  insectiroren,"  Luxeinburic. 

1877.  Pfelfer :  "  Ueber  llei»'hrreuende  PAau/rn  und  iilirr  die  EnudiruDg 
durvh  Aufnnbiue  oripiiiiacher  Siotfo  iiherljanpt "  (I^ndwirlhacb.  Jalirh.  v, 
Natlianas,  p.  MP).  An  exet-llirut  ntcouiit  of  the  nicchanUin  and  aUorptin 
[mipenips  of  camirorniia  plants. 

1B7S.  Drude  ;  "  Dio  inaektFnfmgen[l<-n  Pflnnitii."  A  full  ami  inUroiting 
esamiuation  of  the  aubject  in  Schenk'n  Hiuiilhiii;li  il<-r  Butniilk. 

18S3.  Scbimppr:  "Notiieniitwrinaectenfrasendra  P(liin»n"  (Botaniarha 
Zeilung,  i).  p.  225), 

Several  jeiu  daqtnl  have  bwn  |-ublLBlied.  in  which  thr  reniaj-knhle  proper- 
tim  of  a  few  hninble  plants  hare  be«n  eiaggeratMl  into  accounta  of  man- 
catohiug  Buil  man-eating  ti'eea  of  lai^  atie. 


CHAPTER  XT. 

CHANGES   OP  ORGANIC  MATTER   IN  THE  PLANT. 

922.  It  has  now  been  shown  that  under  the  influence  of  sun- 
light green  plants  produce  organic  matter  out  of  inoi'ganic 
materials.  This  oi*ganic  matter  is  conveyed  to  ix>ints  where  it 
is  to  be  used,  or  to  tcmporar\'  reservoirs  where  it  is  stored  for 
future  use.  It  undergoes  manifold  changes  in  the  plant,  until 
in  the  ordinarv  course  of  nature  it  is  resolved  at  last  into  the 
vcrj-  materials  from  which  it  originally  came ;  namely,  carbonic 
acid  and  water. 

923.  But  as  the  organic  matter  of  the  plant  represents  in  its 
construction  a  definite  amount  of  energy  of  motion  derived  from 
solar  radiance  transformed  into  the  energy  of  position,  in  its 
apparent  destruction  is  involved  the  reconversion  of  this  energy 
of  position  into  energy  of  motion.  Between  the  first  and  last 
terms  of  these  constructive  and  destructive  processes  ver\*  diflfer- 
ent  periods  of  time  may  elapse  in  different  cases,  according  to 
the  changes  which  the  organic  matter  undergoes. 

924.  That  portion  of  the  organic  matter  which  is  built  into 
the  fabiic  of  the  plant  in  the  form  of  cellulose  more  or  less  modi- 
fied is  not  often  broken  down  into  its  original  com|x>nent8  while 
the  organism  is  living ;  but,  by  decay  and  by  combustion,  even 
this  relatively*  permanent  substance  is  decomposed,  and  its  ele- 
ments are  finally  given  back  to  the  air  and  soil.  A  certain  por- 
tion of  the  organic  matter,  however,  undergoes  speed}*  and 
striking  changes,  and  all  of  these  are  now  to  be  examined 
from  another  point  of  view. 

TRANSMUTATION.   OR  METASTASIS. 

925.  The  ])hysiological  expression  for  the  substance  formed 
by  chlorophyll  in  the  sunlight  is  food.  This  substance  is  util- 
ized by  the  organism  in  many  ways ;  but  of  these  onl}*  the  fol- 
lowing need  now  be  noticed :  ( I )  for  the  supply  of  energ}*  for 
movements  and  other  work  ;  (2)  for  the  repair  of  waste  ;  (3)  for 


TRANSMUTATION. 
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the  conatniction  of  i 
processes  nrt-   porfor 


■w  parts.     Tbe  t-hangea  bj-  which  these 

*il    lake  pint*  in   tlii'    protoptasm  which 

receive!'  hikI  in  some  way  (Hsiiosca  or  the  newly  ronned  fixxl. 

926.  Snpplf  of  energf  for  nork.  This  is  furiii^hixl  h,t'  the 
proccsa  of  oxiihition.  It  will  be  remembered  Uint  the  inorgniiic 
materials  concerneil  in  tlie  prmluetion  of  the  food  of  the  plant, 
namely,  carbonic  acid  and  water,  nre  highly  oxi<li£c<l  compounds. 
By  assimilation  a  part  of  the  oxygen  is  lil)crat>!d,  and  the  or- 
ganic matter  formed  is  some  carlwhy (irate  capable  of  o.\idation. 
The  reception  of  oxygen,  the  oxidation  of  the  osidizalite  matter, 
and  the  release  of  the  pro<lucts  of  oxidation  by  tlie  plant  nre 
ooUeclivcly  termed  regpiiatlon. 

9*27.  Rvpair  of  waste.  The  living  matter  of  plants,  like  tlie 
living  matter  of  animaln,  l>eing  the  seat  of  all  the  activities 
manifested  by  the  oi^anism,  is  constantly  nndei^oing  wasto 
and  demanding  repair.     The  repair  of  wast*  is  pro|)er  nutri- 

H'iti.  The  ranstraclIcHi  of  new  parti.  It  lias  l>een  shown  (Chap- 
ter X.)  Uint  by  llie  appropriation  ofniti-ogen  by  the  plant  prutcids 
are  furme<l,  and  these  are  in  great  part  utilized  in  the  prodno 
tion  nf  new  protoplasmic  matter.  So  far  as  the  latter  is  an 
actual  increase  in  sntislance.  and  not  a  mere  repair  of  waste, 
it  represents  true  grnatK.  The  growth  of  any  root,  stem,  or 
leaf  consisia  iti  the  formation  of  new  cells  and  the  increase 
of  these  in  size.  In  this  process  tlie  prodnclion  of  new  cell- 
wall  is  of  course  the  most  iimspieuous  phenomenon.  The  per- 
manent increase  in  size  of  the  cell-walls  of  a  plant  disposes  of  a 
large  part  of  the  organic  matter  which  is  prepared  by  assimila- 
tion, and  this  phase  of  growth  is  apt  to  divert  attention  (htm 
that  whifh  really  underlies  it ;  namely,  growth  of  tJic  protoitlamn 
itself. 

929.  For  conveniens,  the  various  chemical  changes  which 
go  on  within  tiie  plant  may  ho  dU-iiled  into  two  gronps ;  namely, 
Iraosmalallon  and  complete  oxMnllon.  In  the  former,  the  or- 
ganic matter  changes  its  properties  in  some  nay,  either  by 
the  addition  of  new  materi.ils  or  by  the  n'const ruction  of  its 
existing  molecules,  but,  notwithstanding  the  change,  still  re- 
mains organic  mat'cr ;  while  in  the  latter  it  is  result-e<l  into  it« 
original  inorganic  conii>onent3.  The  change  of  one  kind  of  food 
into  anotlier.  the  transformation  of  starch  into  cellulose,  and  the 
formation  of  proteids.  are  good  examples  of  transmutation :  the 
consumption  of  food  for  the  release  of  enei-gy.  an  I'xample  of 
complete  oxidatiou.     The  first  of  these  groups  of  changes  cor- 
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re8iK)nds  nearly  to  what  has  been  called  metastasis^^  the  second 
to  respiration.  But  it  must  be  romeml>cred  that  the  distinction 
between  the  two  groups  is  not  absohite. 

930.  The  contrast  between  assimilation  and  respiration  is  very 
marked :  one  is  substantially  the  opiK)site  of  the  otlier.  The 
following  tabular  view  displays  the  essential  differences  between 
them. 

Aaalmilatlon  proper  Respiration 

Takes  place  only  in  cells  containing  Takes  place  in  all  ai'tive  cells. 

chlorophylL 

Bequires  light.  Can  proceed  in  darkness. 

Carbonic  acid  absorl)ed,oxygen  set  free.  Oxygen  absorbed,  carbonic  acid  set  free. 

Carbohydrates  fornieti.  Carbohydrates  consumed. 

Enei^  of  motion  becomes  enei^  of  Energy  of  i>osition  becomes  energy  of 

position.  motion. 

The  pUnt  gains  in  dry-weight.  The  plant  loses  dry-weight. 

Some  of  the  changes  which  are  grou|)ed  under  transmutation, 
or  metastasis,  present  almost  as  great  a  contrast  to  assimilation 
proper  as  that  shown  in  the  above  table. 

931.  Course  of  transfer  of  afwimilated  matters.  In  the  present 
state  of  knowledge  it  is  impossible  to  trace  all  the  chemical 
changes  which  assimilatiMl  matters  undergo  in  the  plant,  or  even 
the  course  which  such  matters  take ;  only  a  few  of  the  more  ob- 
vious modifications  have  licen  investigated.  Before  proceeding 
to  describe  the  important  forms  of  organic  substance  in  the 
plant,  the  following  general  considerations  should  be  presented. 

I'he  carbohi/drcUes  are  l>elieved  to  be  transfeiTcd  from  one 
part  to  another,  in  the  higher  plants,  through  the  thin-walled 
|)arcnchyma.  The  ivaction  of  these  cells  is  almost  uniforml3' 
acid.  The  tmnsfer  takes  place  onl}*  when  the  carbohydrates 
are  in  solution. 

77ie  albuminoids  are  probably  carried  chiefly  b}*  means  of 
the  soil  bast  of  the  fibro-vascular  bundles  ;  the  cells  of  this  bast 
have  a  slightly  alkaline  reaction. 

But  that  these  are  not  the  only  paths  of  transfer,  appears  from 
the  frequent  occurrence  of  minute  starch-grains  in  the  sieve- 
cells,  and,  on  the  other  hand,  of  dissolved  albununoids  in  paren- 
chvma  cells. 


>  Tlu»  German  word  StofTwechsol  is  usually  translated  »/ic/a^<i.'n«, — a  word 
long  known  in  uHMlicino  with  a  totally  jlifTeivnt  si.2:nifi«'ation  fn>ni  that  above. 
Schwann's  term,  inetttbfdisin,  much  used  in  human  physioh>gy,  expresses  its 
idea  better,  but  for  some  reasons  the  term  trniitmiUatUm  appears  prefeiable. 


CAREOHYDBATBS. 


857 


The  direction  of  transfer  of  the  above  compounds  is  towards 
the  ]>oint  of  use.  oi'  of  storing  ;  there  is  never  any  approacli  to  « 
tnic  drculnlion  tlirougUout  tlie  plant,  corresponding,  us  was  for- 
nierlj-  tanglit,  to  the  fireiilalioii  in  nnimals. 

9;t2.  (;iaa«llcatl9n  of  tbo  principal  or^ranlc  prodncts.  For  the 
present  purpose  these  iiiuv  he  conveniently  gronped  into  (1) 
those  whii'h  nro  (Vw  fiwra  nitrogen,  and  (i)  those  wliieh  con- 
tain nitrogen.  .Some  have  buen  already  treated  of  in  earlier 
pages  of  thia  volnmc;  of  the  rest,  little  niuro  than  a  niero 
ennmt-ratiun  can  here  he  given. 

933.  Prodacts  free  fram  nltro^n.  I.  Carbohfdratea.  In  general 
these  ai-c  solid  bodies  louny  of  which  are  soUilile  in  watiT.  They 
are  convenienUy  divided  iiilo  tli«  eeliulose  granp,  hnving  the 
«mpiri(jal  forinnla,  C,IlmO,,  and  the  sugars,  —  giupe-Hiigar,  IVitit- 
sugar,  and  cane-sugar. 

The  cellulose  hrocf  comprises  the  following  isonierio 
bodies :  — 

934.  VeUiilote.  This  substance  (see  page  31)  is  regarded  aa  a 
product  of  the  direct  transformation  of  starch  or  its  equivalenL 
When  onee  separated  from  the  pratoplasm  as  oell-wall.  celhiloso 
is  not  again  dissolved  save  in  the  excepiioiiul  castas  of  gonni- 
lution  where  it  serves  as  a  food.  Sachs  has  shown  that  la 
the  genninntion  of  the  date,  the  pitt^^d  thickening  masses  of  the 
cell-walls  of  the  endosperm  are  dissolved  and  utilized  by  the 
embrj'o. 

933.  Starch  (see  |>ages  47-.iO).  The  occurrence  of  this  sub- 
stance  in  the  chlorophyll  granules  under  certain  (Htnditions  haa 
already  been  descril>ed.  lis  occurrence  in  reservoirs  of  food, 
and  the  relation  of  this  to  the  starch-gene ratoi's,  have  been  dis- 
cussed in  17-1, 

The  following  table  gi^es  some  idea  of  the  amount  of  starch 
found  in  the  ordinary  commercial  sources :  — 

Sanrce.  Amount ufiuruli  pmant. 

Oniniuf  wLmt u      pi: r  rent. 

Grsins  of  torn 65       "     '■ 

Qnini  of  rim 76        mi. 

PoUlotuliers 15-2B  "      "• 

When  starch  is  to  be  transferred  from  the  places  where  it  la 
held  in  reserve  to  the  jmints  where  it  is  to  be  consumed,  it  is 
converted  into  a  form  of  sugar  by  some  one  or  mon?  of  the 
unorganized  ferments  oecnrring  in  planU.  .\ltliough  the  sugar 
thus  foriued  iwsses  at  once  into  solution,  it  is  a  cunmia  fact 
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that  at  ccitain  points  during  its  course  this  solution  may  tran- 
siently exhibit  more  or  less  fine-grained  starch.  Tlic  tendency 
of  starch  to  form  in  tliis  way  is  very  remarkable  in  the  process 
of  germination. 

93G.  Jhulin.  This  substiince  is  dissolved  in  cell-sap  (see  183), 
but  is  easih'  separated  from  it  upon  immersion  of  the  plant  sec- 
tions in  alcohol.  It  replaces  starch  in  the  roots  and  root-like 
stems  of  many  |)erennials  belonging  to  the  following  orders, — 
Liguliflorse  (ComposiUe),  Campanulaceaj,  and  Lolwliaceae. 

937.  Ijichenin  is  abundant  in  certain  lichens,  amounting  in 
Cetraria  Island ica  to  more  than  40  per  cent.  ' 

938.  DextHn.  Under  tliis  name  are  comprised  at  least  two 
snl^stances'  which  are  proiUiced  during  the  transformation  of 
starch  into  sugar.  Dextrin  occurs  in  the  young  sprouts  of 
potato,  in  most  bulbs  as  the}*  are  starting,  and  in  the  spring  sap 
of  man}'  tives. 

939.  The  Gums.  These  arc  amorphous  substances  which 
either  dissolve  in  water  or  merelv  swell  in  it  to  form  soft  masses 
or  thick  visc*ous  liquids.     An  example  is 

Arabin  (2C^H,(jO,-f-  II^O),  the  chief  constituent  of  Gum  Arabic, 
obtained  from  a  species  of  Acacia.  It  is  found  associated  with 
arable  aci<l,  which  is  supposed  to  be  combined  with  calcium.  It 
occurs  in  cherry-tree  gum,  and  to  a  slight  amount  in  the  gum  of 
many  other  plants. 

Of  tliose  gums  which  do  not  trul}*  dissolve,  must  be  mentioned 
Cerasin,  al)ounding  in  cherry-tree  gum  ;  Bassorin,  or  the  essen- 
tial constituent  of  gum-tragacanth  ;  and  Vegetable  Mucus,  which 
occurs  in  the  seed-coats  of  flax,  the  pseudo-bulbs  of  man}'  or- 
chids, and  the  leaves  of  some  mallows. 

940.  The  Pectin  Bodies,  According?  to  Fremv  these  are 
derivatives  from  iK^ctose,  a  neutral  insoluble  substance  found 
in  unripe  fruits  and  in  some  fleshy  roots.  Pectose  undei^oes 
various  changes  not  yet  understofxl.  Vegetable  jelly,  obtained 
b}'  boiling  subacid  fruits,  is  a  familiar  example  of  one  of  the 
products  of  such  changes. 

941.  The  sugar  group.  The  more  common  members  of  this 
gi*oup  are  grape-sugar,  fruit-sugar,  and  cane-sugar.  The  em- 
pirical formulas  of  tlu'se  substances  have  simple  relations,  ex- 
hibited in  the  following  table,  in  which  the}'  are  compared  with 
that  of  starch  :  — 


*  For  an  account  of  the  allied  substances,  aniylo<lextnn  and  achroodeztrin, 
W.  Niigeli,  Beitnige  zur  niiheren  Kenntniss  der  Starkegnippe,  1874. 


THE   SUOARS. 


Starch. 

Cane-siigai 


C,,  H_0„ 


TUqb, 


Grape-sugiir  and  fruit-sugar,      CgHyO, 

2CgH,A  +  H,0  =  C„H^O„ 
Stnrok,  Watvr.        Cone-sugu'. 

C„H„0„  +  11,0  =  C,H„0,  +  C,H„0, 


CsTiu-sngni.      Will 


Injuj-sugnr.      ytuit-sosar. 


The  three  following  dnasca  of  sugars,  bused  upon  their  rela- 
tions tu  fi;i-nientaliuii,  have  Ijvt'n  nmtk- ;  (1)  clirei'tl.v  fermenia- 
ble,  (2)  indirectly  fermentable.  (3)  non-fcrinpii table  sugars.  To 
the  third  class  belong  Arabiiiosc,  Korbit,  ete.,  nhii-h  need  no 
further  notiec  here. 

Tlie  dire(^tl_v  fermentable  sugars  are  gi-aye-sugar,  fruit-sugar, 
and  inverted  sugar. 

942.  Grtipe-aagar,  othenrise  termed  glucose  (or,  on  account 
of  its  turning  tlic  plauc  of  pularizalion  tu  the  right,  dextrose),  is, 
as  its  name  indieatca,  abundant  in  tlie'grni>e,  nUcre  it  may  form 
from  10  to  30  per  ei^nt  of  tlie  juice.  I'igs  eontikin,  on  an  aver- 
age. 12  per  cent;  sweet  cherries.  8  to  10  \xt  cent;  applea  aud 
pears,  7  to  10  \hit  wnt;  plums,  2  lu  5  per  cent;  and  peaches 
less  than  3  |)er  cent  of  tliis  sugar. 

943.  Fruit-tuffitr,  sometimes  knoiru  as  tievulose,  is  uncrja- 
tallizablc.     It  is  associated  in  most  rijK'  IVuils  with  de.xtroae. 

944.  IitverUd  sugar  oceui*  in  some  riijc  fruits,  wliere,  aa 
Bnignet  has  shntvti,  it  is  formol  from  caue-sugar  by  the  acljon 
of  a  ferment  aud  not  of  a  fruit-acid.  It  is  nl^  found  in  the 
so-called  honey-dew  of  the  leaves  of  tlio  Limlen.' 

945.  The  iudircelly  fcrmenlablc  pugai-s,  of  which  common 
cane-sugar  may  be  taken  aa  tho  best  example,  ferment  under  the 
influence  of  yca&t  ouly  when  Ihey  have  first  undergone  a  change 
by  which  they  81*0  converted  into  other  sugars. 

94C.  Citnesitgur  oi-cnrs  in  the  ccll-aap  of  many  plants,  often 
in  large  amount.  The  following  percentages  are  regarded  as 
average  ones :  — 


■  According  to  BonuingBult,  130  •luare  nwUn  of  liodcu  Iotes  jrielil  in 
•  Biiiglp  wami  July  ilay  iMtwMii  Kva  «i»l  IliRe  kilogruui  of  honey -iletr.  At 
ta  nlirther  ibU  nibstniim  19  a  product  of  nu  insect,  orau  eiudatioa  Tium  leave* 
uodar  peculiar  con  Jitioni,  iioot  ycl*(ittl«d  (EHieniiiyer  :  Cbvmio  iler  Pflumo, 
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Sagar-cane  stem 16-18  per  cent 

Sugar-beet 10-14        " 

Sorghum 10-11        «« 

Indian  com 5-7        " 

Sugar  maple 8        " 

947.  Products  free  from  nltrosren.    II.  Teiretable  acids.    Of 

these  the  most  widely  distributed  ai-e  oxalic,  tartaric,  citric,  and 
malic  acids. 

948.  Oxalic  acid  (CjlIjOj  occure  in  almost  ever}*  plant,  the 
amount  in  some  reaching  as  high  as  4  per  cent.  Most  of  it  is 
combined  with  calcium  or  with  |)ot'\8sium,  a  part  remaining  un- 
combined.  According  to  Miiller,'  the  fresh  leaves  of  sugar-beet 
contain  4  per  cent  of  this  acid,  of  which  one  third  is  in  solution. 

949.  Tartaric  acid  (C^H^Og)  occura  free,  and  also  combined 
with  potassium  in  the  juice  of  the  grape  and  many  other  fruits. 

950.  Citric  acid  (C,HyO-)  occurs  in  the  amount  of  6  to  9 
per  cent  in  the  juice  of  lemons  and  allied  fruits,  and  is  asso- 
ciated with  other  acids  in  most  of  our  subacid  fniits,  such  as 
currants,  cherries,  etc. 

951.  Malic  acid  (CJI^Oj)  occurs  free,  or  combined  with  cal- 
cium, in  the  juices  of  many  fruits  and  in  the  sap  of  man}*  plants. 
It  imparts  the  sour  taste  to  our  most  common  fruits. 

952.  Prodocts  free  from  nitro^n.  III.  Fats^  or  Glycerides. 
According  to  Ebermayer  most  of  the  fats  which  occur  in  plants 
are  mixtures  (not  coin|X)unds)  of  the  following  thi*ee  kinds  of 
fats  in  different  proportions :  Tristearin  or  stearin,  tripalmatin 
or  palmatin,  triolein  or  olein.  The  oils  in  most  seeds,  however, 
are  free,  fatt}'  acids ;  namely*,  stearic,  palmitic,  and  oleic. 

The  fats  are  regarded  as  compound  ethers  formed  from  the 
triatomic  alcohol  jjlvcerin,  whence  thev  have  been  sometimes 
termed  Glycerin  ethers.  The  following  formulas  exhibit  one  view 
as  to  their  c*onstitulion  :  — 

Tristearin ^^J8^*^'«  |  0, 

Tripalmatin <^w^^^'«  |  0, 

Triolein <^'j^%^^^|o. 

Stearic  acid CigHagOa 

Palmitin  acid CjeHs^Oa 

Oleic  a<M<l CisH.-'i^i 

(Glycerin C^U^iOUU) 

^  Quoted  by  Ebermayer,  Chemie  der  Pflauzen,  p.  320. 
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Tlie  oils  form  very  intiiiintc  mixtures  vUh  the  nlbuminoids  in 
many  cases,  ^specialty  in  needs  of  sneb  plai)t9  ns  RiciniiB,  etc. 
Aci-unliiig  Ui  Snchs,  "  in  tlic  germiimtion  of  all  oily  seeds,  sugar 
and  alarcli  nre  prtjiluwd  in  tlie  pnrcncliymn  of  ev*'ry  growing 
part,  diAap[)eanng  from  them  only  wlien  the  growtb  of  the  masses 
of  tissue  concerned  lias  l>ecn  completed.  .Since,  in  iLe  ease  of 
Itictnus,  tiic  endosperm  grows  also  iiu)e|>endeutly,  stuR-h  and 
sngnr  are.  in  accoiiiancu  with  the  general  rnle,  temporarily  pro- 
rlttcei)  ill  it.  The  cotyledons  apiHirently  abaorl)  the  oil  as  sucb 
ontiif  thp  ondos|M-rm,  whence  it  is  dietrihutcd  itito  tlic  ptireii- 
cbyiua  of  the  hypocot3ledonary  stem  and  of  the  root,  serving 
in  the  growing  tisanes  as  materiul  for  Ibi!  formation  of  starch  and 
Bugnr,  which  on  tlieir  part  nre  only  precursors  in  the  production 
of  cellulose.  In  these  processes  tannin  is  also  formed,  wliich  is 
of  no  further  use,  but  remnins  in  isolated  cells,  where  it  collecta 
apparently  unchfiii<;e<)  until  germination  is  compli-tcil.  It  can 
scarcely  be  doubted  tlint  the  mutcriul  fur  tlic  fonnntiiin  of  this 
tannin  is  also  derived  fk^m  the  endospenn,  although  peihaps  only 
afU'r  a  scries  of  nietnmorji hoses.  The  absorption  of  oxygen, 
which  is  an  essential  accompaniment  of  everj'  process  of  growth 
and  esiiecially  of  geiiuinalion.  bas  in  this  case,  as  in  that  of  all 
oily  seeils,  an  additional  significance,  inasmuch  as  the  formation 
of  carbohydrates  at  the  cxi>en3e  of  the  oil  involves  the  ^)pro- 
priation  of  oxygt>n."'* 

Vegetalilc  n«s  is  closely  allied  to  the  fats. 

933.  Proilacts  ftee  tram  nitrogen.  IV.  Certain  astrln^nts. 
This  indeHuit*.-  group  compiisea  various  matters  differing  slightly 
from  onr  another  in  some  particulara.  but  agreeing  in  possessing 
a  faint  acid  character,  in  changing  color  with  salts  of  iron,  and 
in  combining  with  certain  jiroteiii  matters.  Tannin  is  sometimes 
placcil  ill  the  next  category,  namely,  among  tlie  glucosides;  but 
according  to  SchitT  it  is  digallic  acid.  The  most  important  mem- 
bers of  tills  group  are  7'aimin  (the  so-cniled  tannic  acid).  Gallic 
aciri,  and  the  astringent  principle  in  Cinebona,  Catechu,  and 
Kino.  Accimliiig  to  Nligeti,  these  matters  are  to  be  fouiHl  in 
buds,  in  uinipc  fruits,  ami  in  those  |>cliils  which  liecoine  red  or 
blue,  dissulvwt  in  the  cell-sap  and  diHusing  through  eell-walls. 
Tannin  sometimes  exists  in  little  globnk's  of  solution,  enveloped 
by  a  delicate  lilm  of  albumiiiuiis  iimttcr :  for  example,  in  the  oelb 
of  the  jtulvinus  of  Mimosa  and  in  the  bark  of  many  ligneous 
plants  (Birch,  Poplar,  eta).     The  following  vicivs  arc  held  as  to 

'  Tut-book,  »J  English  nl.,  p.  718. 
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the  formation  of  this  substance :  Many  authors  regard  it  as  a 
product  of  tlic  retrograde  metamorphosis  of  certain  carlwh}'- 
drates ;  Sachsse  thinks  that  it  always  attends  the  fonnatlon 
of  cellulose  from  starch,  and  that  there  is  a  slight  evolution 
of  carbonic  acid ;  Wiesner  regards  it  as  intermediate  in  the 
series  which  begins  with  the  carboh\*d rates  and  ends  with  the 
resins.  This  last  view  is  also  held  by  Hlasiwetz,  who  has  ob- 
tained the  same  products  from  tannin  as  from  the  resios,  when 
each  was  fused  with  potassic  hydrate. 

It  is  a  significant  fact  that  all  the  barks  which  are  rich  in  tannin 
are  also  rich  in  starch. 

Nothing  is  positively  known  as  to  the  function  of  tannin  and 
its  associated  bodies  in  the  plant.  Hy  Ilartig  the3*  have  been 
looked  upon  as  reserve  materials ;  but  Schroedcr  was  not  able 
to  verify  Hailig's  observations.  63*  most  observere  these  sub- 
stances VLve  regarded  as  waste  products,  having  no  further  nutri- 
tive function,  but  possibl}*  playing  some  part  in  the  formation  of 
colors.  The  following  table  ^  shows  their  amount  in  some  of  the 
liarks  and  other  parts  used  in  tanning :  — 


Galls 80-77  per  cent. 

Catechu 40-50  " 

Divi-Divi 80-40 

Sumach 12-18  " 

Oak  bark 7-20  " 

Willow  bark 8-12  " 

Hemlock  bark 13-16  " 

954.  ProdoGts  free  from  nitrogen.    Y.  Host  GIncosides.    These 

are  substances  which  under  certain  conditions,  especially  by  the 
action  of  unorganized  ferments,  are  broken  up  into  glucose  or 
some  allied  sugar,  and  at  the  same  time  some  other  Itody  capable 
of  further  decomposition.  Most  of  them  are  soluble  in  water. 
The  following  are  among  some  of  the  best  known :  salicin,  coni- 
feiin,  sesculin,  quercitrin.  Tannin  is  often  placed  among  the 
GIncosides. 

955.  Products  tree  from  nitrogen.  YI.  Ethereal  oils.  These 
are  volatile  liquids  generally  approaching  Terpene  (C,„H,g)  in 
chemical  composition.  Nothing  is  certainly  known  as  to  their 
formation  in  the  plant.  Thc3*  are  not  again  taken  up  as  plastic 
matter,  but  simply  serve  some  function,  often  that  of  attraction 

1  For  other  determinations  see  Ebermayer's  Chemie  der  Pflanzen,  p.  452, 
from  which  most  of  the  above  are  taken ;  also  see  the  excellent  table  in  the 
Tenth  Census,  voL  ix.,  p.  265. 
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or  oi  jimtovlioa.  To  thnr  pn»ate€  »  dae  Uk  fn^niKv  <rf  niniiy 
fniiu  sttd  Ilhkxs,  MotaUj  ikoae  *d  orangF,  brrgainot.  aihI  tin- 
Duub.  AjMWtalcd  wilfc  Uh  ctbmal  oilit.  the  eam|il»jt^  ih-'cujij  a 
linxniiKM  |4ac«.  TIm;  hc  p9wmllj  ncardrd  *■  ttur  iinMlui-in 
»C  Ok  atigbt  nsMlalkia  uT  toHe  elbcnal  tiOk.      Thc^  f'^liuwing  i< 

»«.  Pratecto  Brae  taa  rflrtfi.  TU.  lUrfv  airf  Baku». 
TImm  sabaUncn,  wWdi  ABer  Ma«h  bi  woibbMioe.  «olur,  unl 
otbcr  pfafrinl  pTOpeHiw.  MWtaia  GBwiMntivrlj^  liula  ox>-g«D, 
Mv  BOMljr  BisoriAoa*,  iwalBHr  in  vater,  swl  aoiaetiiDeB  po*- 
■r4«a<£gUMid  mtttkm. 

BalisBfl  are  ddaol  ■■  **  niztuRs  ot  nsin>  villi  vuUttte  uUit 
the  miiH  bring  pniduead  (hm  Uir  otli  lijr  oxWUtioa,  av  Uiat  a 
ImUmum  rmj  b«  nganM  aa  aa  IU«nB«lial«  prodDut  bciwem 
a  Tulallfe  oQ  and  a  perfect  rerin.** ' 

The  Wahaiaa  ai«  yt—ially  ifividnl  into  tvogfxiii|M:  <l>  Uumw 
eoDUmiag  bmkIi  cianaiwic  acid,  §•  EUwat  of  Tula,  Peru,  eb;.  i 
asd(  J)  tboke  whid  ai« itorelj olai^mdaoua, aa  Balaain  Ckvfuilu, 
Fir.  rti-.' 

CVrtain  mJoa  aod  eaootdioiic-lilw  naUen  are  found  in  large 
MiMHiDt  in  Ibe  latez. 

957.  Pndneb  *wlalala>  aHnsn.  I.  Tlw  albaatla-Ului  aut- 
Un.  Riuhaoara  rbaaUks  Uwwi  MibfttAiMX-H  inUi  (1;  Albuinin  o( 
I>Ihiiu  :  ( 2)  CaMcin  uT  yhutiM :  <3)  Ovlatiii  of  jiUiiitM. 

AltumiH  fif  pliintt  M  tbp  U-nu  applied  to  tlui  {irotein  niat- 
ter«  <rlii<:b  natlily  conguUb!  fniat  tlH-ir  nqu<!uUH  vAutioa*  u|)uii 
tbe  aitioti  uf  Iil'mI  nr  oi-iila.  'Vhe  <x)flj{ulu  tlbvwlvc  mitrc  or  1cm 
n^ailit>  in  piiUMk-  bytlntc.  txbiltiting  coimiik'nible  diffcrciK'eb 
ID  re6|>vcl  to  Bolulrilitv.  Thoj-  coataUi  from  2.0  to  l.G  [itT  t«nt 
of  osb,  and  liavv  Uw  folluwtag  i-kinrntary  ^.-uinposiUou :  — 

tWbon aS-Sl-Ai-SSpv 

Hjdnfw 7.1S-  7.73 

Xitn^M 15.4»-lT.«a      " 

anllJinT 78-  1.66       " 

(Hjtcm .    ai).S.V22.»8       •• 

Ca*ein  ••/  f^nU  nHoprtses  the  fuUowiug  Bubstaooes:  Icgu- 
mii).  j^litton-ciutein.  fuitgliiUn.  SuliiUoriH  or  theiM  are  preeipi* 
latcfl  bj-  (iilutv  aciilt  otiil  lij-  rrnnet.    TUo  )ircL'ipitatr!(  are  reailily 


4 


■  ttVl.  :  Itl.IiaiMfj  ofCbrmUtiy,  L.  IMS.  p.  401. 

■  A  Hilatinn  at  ibv  rf>l<irinif"utt'ir  of  ■lk>nrt  nnil  in  diluln  olroliot  ifililinl 
\a  n  lliln  tretiod  of  ■  pUot  cnnbiminK  rwini  coloTa  the  i»ini  ted  aftor  ■  bw 
aiinnlM,  but  i)a«*  not  mtvb  to  dutiu^Ub  on*  (rom  si 


solultk'  ill  ft  soliitiun  uf  Imsic  [KiUtBsic  phosphuU'.  Their  iiltiiuute 
MiiopuMitiun  is  iifnilj-  llii:  s.ttni)  its  tiial  of  the  group  just  luen- 
liuiibd. 

(relatin  ofpliiHi».  The  assoL-iated  mikttcra  arc  (1)  (iliadtn, 
('J)  MuolhIiu,  (5)  Glulr II- fibrin.  Tlitsu  IxkHcs  are  soluble  io 
alixiliol.  and  ill  w»t«r  coiitaitiiiig  u  oniatl  amount  of  at-id  or 
ntkali.  In  their  TrcBh  slate  tJie.v  are  Lough,  viadd  masses,  only 
slightly  soluble  in  water.' 

958.  Weyt  dot's  nut  at-ot-pt  RitthauHcn's  classiBcation,  htit 
holds  that  Icgnmin  is  a  luislnre  of  vegetable  vitellin  and  casein ; 
and  ftjvther,  that  there  is  no  true  ciiseii]  in  seeds.  —  the  sub- 
stance  ualled  by  Huh  name  being  a  product  of  secondary  changes 
in  the  lalwratorv. 

9.VJ.  Prodncte  containing  nltro^u.  II.  Asparimrin  (C',n,N,OJ. 
This  Nubstitiiee  occurs  in  the  shoots  of  Aapai-agns  oflleinalis  and 
many  other  plants,  rrotn  which  it  can  Iw  obtaineil  in  the  lomi  of 
transparent  trystala  of  the  orlhorhoinbii!  system.  It  b  merely 
neuessary  to  evaporate  the  juice  of  the  plants  to  the  consist- 
once  of  a  thin  syrup,  and  after  allowing  it  to  stand  for  a  IJine 
the  crystals  will  si'parnte.  and  may  bo  puriflcd  by  rccry^tallizn- 
tion.  I'felTiT  describes  the  following  ueeAil  method  of  pivparing 
lliem  niK)n  the  slide  of  the  micru8(Nii>e :  A  moderitely  Ihiek  sec- 
tion of  the  tissue  sus^iectcd  of  containing  aspaingin  i^  iilaeed  on 
a  slide,  covered  witli  a  bit  of  glass,  awS,  treated  witli  absolute 
alcohol,  when  the  crystals  will  be  thrown  down  in  th«  cells,  or 
will  form  in  the  alcohol  outside  of  tlie  specimen.  The  eUaraoter 
of  the  cr\'»tal9  cnn  l>e  kuown  certainly  by  their  insolubility  in  a 
concentrated  aqueous  solution  of  the  same  snbsUuice  (sec  46). 

The  amount  of  u^pai-agiu  iu  certain  plants  has  been  given  as 
follows :  — 

N«n«  of  PUnl,  Per  cent  vt  AtvAt-x^n.  fSbaamr. 

ItooU  of  AltliM     ....  2.       .      .  ,  nisHuii  anJ  HiTiry. 

V-'iiil.  8BHii» 1,:.    ,     .  .  Piri». 

ItiuliL-lra  c>r  a,  t^miitiiiiiiiK 

plniit  ilrini  Kt  100  C.    .      .        lO..-;     .      .      .  Bc'ycr. 

fIGO.  Asparagiu  possesses  it«  chief  intcn-sl  fVom  the  part 
which  it  probably  |ilaya  in  the  transfer  of  nitrogenous  inattcra 
tJirongh  the  plant.  Acconliitg  to  I'fetfer.  olUiuugh  it  cannot  be 
detected  with  certainty  in  the  seeds  of  tlic  vetch  and  pc4i,  it 
appears  in  the  young  parts,  especially  in  the  lines  of  tmnsfer  (for 


■  Hunt  liu  uilW  Bttentiim  tA  ■  ciiriaui  rplnlion  brtwn-a  tli«  cunipcnitioo 
uf  uiinuU  ){»Utiu  suJ  thnt  ufiitftn;li  tu  wliiuh  aiiiiiiuiibi  it  luldcd. 
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lixample,  tbe  [)eliuk-s  or  tliu  (.-otyluduna).  That  the  source  of  tlio 
iMpanigin  inust  lio  tUi>  k-hi'I'vl-  Blliuuiiiiutis  itmthirs  in  the  »ivi[, 
a|)|H>ai's  from  tite  roUowing  ixxisidenitiou :  '•  Tlic  iilwoliiU-  Amount 
or  nilrogL'n  rL-nmlns  lliv  nuirit)  iluriiig  g«riuinatioii,  and  the 
nitrogun  of  seeds  is  &11  or  ni-nrly  sU  eoutaiiied  in  tlivir  ulbuiiii- 
iious  ingredients."  •  Asparagin  and  tlio  cbivf  proU-id  or  Hie 
svvda  in  legiiiniiiotis  plants  havo  been  thus  comi>ared :  — 


AqiMUglEL 

Ug«.ml„. 

IHAmk* 

Urbon 

Wyir^fffi 

Nitroxpii 

Oxygai 

SS.1 
6.1 

36.  t 

64.9 
8.8 
2J.2 
30.S 

+38.5 
+2.7 

— fi.8 

"  Asparagin  contains  K-ss  carbon  and  hydrogen  but  more 
oxjgvn  than  leguiniu  and  other  protcids.  Consequently  if  the 
wliolu  i>r  tiie  nitii^-ii  of  leguiniu  is  used  in  the  formation  of 
asimrngii),  a  eoiiaidcrable  qwniililj'  of  <-arboii  auil  liydi-ogen  must 
hv  givi'H  olTand  a  cerUiiij  nmoiint  of  oxygen  abaorlied.  Exactly 
tlie  opijOsiU'  will  Uike  yiluw.  ui>on  tlie  conversion  of  asparagin 
into  proteiil." ' 

9i;i.  Prodactfi  rontaintng  iiflrogen.  III.  The  alkaloids.  Tbest^ 
Biiligtanees  all  p«issi«s  the  ix»ver  of  uniting  with  iivids  tu  fonn 
mlu,  and  they  are  otteu  ilescribcd  aa  ba«iu  alkaloids.  Among 
tlie  most  important  are  Morphia,  Quinia,  and  Strychnia. 

Tli«  numt>er  of  alkaloids  now  known  is  very  great,  and  the 
modes  In  which  they  arc  found  combined  in  the  [ilant  arc  very 
diverse.  They  are  more  abiindiint  in  those  plants  which  are 
gniwn  imder  conditions  of  considerable  warmth,  and  arc  much 
more  abundant  in  some  parts  of  the  plant  than  in  others,  as  Is 
sliown  by  tiie  ease  of  morphia.  Xiithing  is  jxisilivcly  known  as 
lo  their  origin  or  prot>er  Ainetion  in  the  organism.  It  should 
Ih3  mentioned,  however,  tliat  many  of  thfm  when  applied  to 
the  very  plants  fTnoi  which  they  were  prepared  prove  to  be 
|>oisonoiia  ;  thus,  morphia  poisons  the  poppy. 

'JGi.  Prodnrts  cnntalnlnK  nltrogeB.  IV.  fnorfanlEed  torments. 
It  hiia  long  lioen  known  that  there  must  e\ist  in  certain  purts  of 


'  PfclTer.  iu  SaeM*  TeU-Biiok,  1882,  p.  7 1'J.  Fur  a  full  iMvaiit  lijr  Freffer, 
w«  Crlaplu-iin'R  Jahrbik'her,  fii[.,  I87S.  }•.  (29  ;  ainl  Hraulsbrrictit  iIitBcf- 
liu  .Mtwlemir,  1S73,  p.  780.     Scv  aim  HoKiiiiuiu  and  Ililger:  Dii  POaaien- 

■tuiKs  i.,  laaa,  [>.  2«i. 
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plants,  notably  in  sfctls,  I'uinpounds  wliic-U  [xjsscss  tlii-  jwwer  of 
clk'clinp;  cliaitgos  in  the  cliuracU;!'  of  Httircli.  etc.  ;  but  it  was  nut 
until  I87it  thtit  II  uji'tliMl  was  given  (vtiidi  vnublus  us  to  isolalu 
these  foiuiwunda  in  a.  stale  or  eouiiMii'ative  purity.  This  nictbod 
ia  baseit  upon  thtir  solubility  iti  gl^vteriii,  and  their  ivady  pi-e- 
L'ipitalion  IVotn  glyt^criu  solutions  li.\  means  of  couimon  aleobol.* 

By  the  use  ol'  tliia  tnelbod  Gorui>-Bcsaucz  has  been  able  to 
obtain  from  the  seeds  of  veteh.  Ilax,  etc.,  a  ferment  which  is 
soluble  in  water  and  glj'CL'riii.  The  substance  contains  T.Tti  j>er 
cent  of  aah  eotistitueuts  and  4.5  ))er  cent  of  nitrogen.  Ita  solu- 
tions oonvert  starch  into  sugar  very  rapidly  at  the  t«nijwrature  of 
2O''-30°  C. ;  and  in  the  presence  of  a  dilute  tieid,  for  instance 
hydrochloric,  it  has  the  power  of  peploniaing  proteids.  In  solu- 
tion, it  loses  its  actirity  at  80°  C. ;  but  if  careftilly  dried,  it  can 
stnnd  a  temperature  of  120°  C.  Up  to  the  present  lime  no  fer- 
ment capable  of  effecting  changes  in  the  fnts  of  [)lanta  has  been 
isolated.' 

063.  Baranet^ky  bus  sliown  that  in  the  conversion  uf  starch 
into  sugar  there  are  two  phases:  (1)  the  formation  of  dextrin, 
and  (2),  at  a  somewhat  higher  tempcratnre,  the  furmntion  of 
sugar.     He  observed  an  acid  reaction  in  the  ferment. 

964.  In  the  sap  of  Carica  pa[)aya,  Wui-tz  and  lloucliut*  Lave 
isolated  a  jwptonizing  ferment  which  acta  promptly  ujion  albu- 
minoids. The  juices  of  several  tropical  fVuits  are  said  to  have 
tho  proi>erty  of  softening  meats,  and  this  action  is  regaiiled  as 
dependent  upon  some  unorganized  ferment. 

965.  Besides  the  proilucts  already  cniimerati'd,  there  are  some 
bitt«r  and  extractive  matters  and  some  coloring  substances  which 
do  not  naturally  fall  into  any  of  the  gioups  described. 

UGH.  From  the  facts  which  have  now  been  presented,  it  is 
clear  tliat  the  composition  of  the  sap  which  escapes  from  a  plant 
when  it  is  wounded  must  be  very  complex.  The  juices  of  a 
plant  contain  all  it«  dissolved  mineral  matters,  gases  in  solution, 
and  numerous  memliei's  of  both  of  the  nitrogenous  and  non- 
nitrc^nous  groni>3  already  mentioned. 

I  Hiifner.  Jouniul  fiir  praktiocha  Cliemic.  v.,  1872,  p.  372,  and  xi.,  187i. 
i,.  43. 

■  For  a  iiliurl  aucount  of  Ilia  wurk  or  Kobuibtiii  (Journ&l  de  I'liarniB^ie  ct  d« 
Chiinie,  mr.  1,  tomv  xxil  p,  33fi]  uiil  that  of  Emuch  (Vcrvncha-StatiDiiea, 
sitiiu  p.  77).  sc9>  llusumaTiii  niiil  Hilgsr:  Die  Pflan»iiatoffv.  i.,  1882,  p.  SS8. 

•  CoiuptBB  RenJuB.  kxxix..  187»,  p,  *25  ;  xd..  1880,  ji.  787-  Sc*  ilwUhB 
followiu}!  .  DucUux  :  Coniptes  Benduis,  xA  p.  7al,  ami  Hansen  ;  .Sit*,  dw 
phyaikmciieiu,  Sodetat  tu  Erlangvii,  1»MI). 
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Ml.  Il  li.is  lieen  long  known  thai  nir  is  necettsnry  fnr  the 
gerniiiialioD  of  s».<ds.'  In  1777S(;ht3fl«'  pointcil  out  thut  in  thia 
l)roc«8B,  as  in  the  breatliing  uf  aniiiiHlH.  ox\geii  (callixl  bj-  him 
lire  air)  is  (^nsiinicd  and  carlionic  acid  (called  by  him  air-acid) 
is  given  off.  Two  years  later.  Ingenhousz*  sliuired  that  all 
plants  ut  nighl  give  ulV  fixed  uir  (carbonic  ncid),  and  in  1804 
.Saussurc  pi'ovpd  that  nil  plants  require  oxygen  for  their  growth. 
In  1838  Mojen '  clearly  deliued  the  scope  of  respiration  in  plants, 
since  which  time  it  has  been  carefully  examined  in  most  of  ita 
relations. 

!)G8.  Tlic  relations  of  gases  to  plants,  so  far  as  their  absorp- 
tion and  elimination  are  concerned,  have  been  suUicieiitly  dis- 
cussed in  Chapter  X.  It  is  mei-cly  necessary  to  stat«  at  pi-esent 
that  oxygen  is  readily  absorbed  by  all  |>arts  of  plants,  and  that 
the  intercellular  passages  (rilH)  form  a  means  by  which  it  can 
traverse  the  whole  plant  very  rapidly. 

909.  In  its  simplest  phases  respiration  consists  in  the  absorp- 
tion of  oxygen,  the  oxidation  of  oxidizable  organic  matters,  and 
the  evolution  of  the  products 
of  oxidation ;  namely,  varl>onic 
acid  and  water.  Some  other 
pro«lucts  are  often  forme<l  in 
minute  amoirnt,  but  these  may 
be  here  ilisrt'ganleii. 

970.  MeasDrpntent  of  Bea- 
pfratlon.  Ruspiration  cJin  be  I 
measured  vcrj-  nearly  by  the 
amount  of  oxygen  which  dis- 
apiicars  or  by  the  aniount  of 
carbonic  acid  which  is  given 
off.  The  ordinary  apparatns 
for  examining  respiration  is 
hnsed  upon  the  measurement 
of  the  latter,  and  consists  es- 
sentially of  some  application  of  potash-bulbs,  or  wash-bottles  (see 
Fig.  163),  for  the  interception  of  all  evolved  carlMuic  acid.     The 

'  8«^  Milpighi :  r)|wiro  on 
<  I'lieniiirha  .^bhaailliinf; 

*  Kupprimcntia  npoii  Vvgntablci,  1 

•  I'llauMniihriilolnpe,  ii.,  18S6,  )■■  ICS. 
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dir  siipplicfl  to  tbo  seeds  in  the  Iwll-jar,  of  ooiiree  first  carpfiilly 
freed  from  evvvy  li-acc  or  carlwnic  atiid,  is  drawn  through  by 
means  of  nn  aspirator,  and  in  tho  bnlbs  all  tlie  carbonic  luAd 
derived  from  the  gerniiiiating  acwJs  is  i-etAinod. 

1971.  Pluitit  In  dwellin^-huuiwa.  To  what  eslent  can  housts 
ploiiU  injure  the  air  of  rooms  at  night?  The  t^rlKiiiic  acid  which 
is  given  oR*  by  |))anU  comes  from  tbi'  breaking  up  of  assimilated 
mailers  iu  the  various  aclivities  oftlK.'  orgHiiisui,  such  as  giiiwlh, 
movements,  eto.  But  the  total  amount  of  trork  done  by  any 
plant  under  the  conditioDS  to  which  oixliiiary  house-planls  aif 
eubjecled  is  represented  hy  the  oxidation  of  a  very  small  amount 
of  food.  From  the  most  trustworthy  data  it  is  safe  to  say  that 
in  the  case  of  one  hundred  average  house-plauta  the  whole 
amount  of  carliouio  acid  resulting  from  such  oxidalion  during 
work  would  not  viliat«  the  atmosphere  of  a  moderalc-sizcd  room 
to  any  appreciable  extent;  in  fact,  would  be  exciH'tleil  by  the 
amount  evolved  from  a  common  candle  burning  for  the  same 
length  of  time. 

!I72.  Belatlon  of  the  earbonio  acid  gifMi  olT  to  the  oxygen 
absorbed.  Owing  to  the  fact  tlmt  part  of  the  carbonic  add 
produced  during  respiration  is  retained  within  the  plant,  and 
that  water  is  formed  as  a  product  of  respiratiou.  it  is  dilllcult  to 
determine  tlie  exact  relations  of  volume  of  the  absorbed  oxygen 
and  the  evolved  carbonic  acid.  It  is  known,  however,  that  in 
certain  cases  the  amount  of  carbonic  acid  evolved  is  legs  than 
would  be  expected  fi'om  the  amount  of  oxygi-u  absorbed.  This 
is  well  shown  when  the  germination  of  oily  seeds  is  comi>ared 
with  that  of  seeds  conluining  chiefly  starch.  When  oily  seeds 
germinate,  the  amount  of  carbonic  acid  is  a|ipreciably  less  than 
that  given  off  by  starchy  seeds.  Hellriegel  has  shown  that  in 
one  instance  the  fixation  of  oxygen  amounted  to  an  increase  in 
weight  of  1.15  percent. 

073.  The  frf«  oxygen  of  the  atniospbere  Is  ample  for  the  reapl- 
ratAFj  piwcsR.  Saussure'  has  shown  that  the  amount  in  the 
atmos|»here  can  even  bo  reduced  one  half  without  materially 
interfering  with  the  functions  of  the  plant. 

Most  observers  have  found  tliat  in  pure  oxygen  there  is  an 
increase  in  the  activity  of  the  respiratory  fimction. 

Bert*  has  conducted  interesting  experiments  Upon  the  effect 


'  Qiiotiq]  by  Pft'irer,  Pl1ii[iieii|itiy>iiologic,  i.  p.  373. 

«  Fui-  u  discussion  ,ir  this  r|iii-*ti(in.  pnrlii-iiliirly  wi 

orgniiinniB,  imiisilIi  Ititrl:  !•»  jirussioii  iMrortiutriiiuu,  11 
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a  the  various  lunctions,  b^-  wliitrli  it  apiWArs  tliat  in 
ordinary-  aii',  under  a  pressure  or  six  utmosphen-s,  Mimosa  por- 
islied  quickly.  Id  au  atraoaplieni  under  bigli  couipreasioii  senls 
^'rminated.  if  at  all,  very  slowly. 

S74.  Infloenee  of  t^mpdraturp  upon  mplratioD.  iteeiiii'atioii 
Win  gii  on  at  low  ten)  |)erat urea,  even  near  llm  fVeexiug-|Miint  of 
water.  Tbe  rate  ol'  reapiratioii  iiun-easea  with  rise  of  U!Ui|»i'ra- 
lure,  as  will  be  seen  from  the  following  (igurcs  for  gerrainaUng 
iH-ans :  — ' 

ivniwiaiDn.  pnui  off  nieli  bout. 

2"C 1(1.  fid  mgr. 

a"     ...._. 21.22     •' 

18" 82.34     '• 

30° 3ii.no    ■• 

iio" u,sa    " 

975.  InRaooce  of  light  upon  respiration.  It  is  not  yet  known 
positively  whctlier  light  has  any  effctt  u|>on  respiration.  In 
some  experiments  there  has  been  a  slight  iuerease,*  in  others  a 
diminution,'  in  the  rate,  with  iiic-reaaed  ilhimiuation ;  but  it  is 
not  certain  whether  all  other  factors  were  esehided. 

If  the  produced  carlionin  acid  does  not  eseai>e  readily  from  the 
tissues,  respiration  goes  on  more  slowly.* 

OTti.  Periods  of  rest.  Although  ull  plants  require  oxygen  for 
the  performance  of  their  normal  functions,  it  by  no  means  follows 
that  whi<u  R  plant  is  supplied  with  oxjgen  tbe  normal  activities 
will  be  necessarily  exhibited.  In  the  ease  of  certain  hnlbs,  seeds, 
etc.,  oven  with  tlie  most  favorable  surioundings,  there  maj  lie 
uo  Htgns  of  respiratory  or  other  activity  until  alter  the  lft|isi-  of 


■  KMiawi:  Vi>nucb«.;iUli<iiieri,  lii.,  I8?6,  p.  SS»I. 

■  WolkofT  mil  Mbjtit:  Untlwirtlwnhitnlinh*  JalirMUVr,  1HT(.  Rvtt  jr., 
Uthaun;  Conijilr*  ReiiJiu,  IviiL,  IM'l,  p.  I2CK. 

*  Diimu:  Annaira  ile  Chitnio  rt  iln  Phyiiqua,  i^r.  C,  tumn  iii.,  18Tt. 
p.  10S;  Bonxiia:  Just's  RoUii.  .Ulimlirricht.  it.,  187S.  p.  9V\. 

*  For  tltv  IxwriDg*  ut  this  ujnn  iilcoholiu  fcniipntatian.  whirb,  anranting  to 
Melwll:^  u  not  urat«l  until  »  prfuntn  of  3S  MiiKwphi-rvs  nf  carluniR  >Di>l 
U  rnu-hfil,  »ee  Piurtniir:  Annain  >1p  lliiDiic  rl  d«  Phjriii'iii^  *h  3,  tonw  Iii.. 
18S8,  p.  415;  and  >'iigDli:  Die  ninkron  TiUr,  1H77,  p-  31. 

AlaJioUe  Frrmnlatimt.  Thin  |inidWB  i»  w  intinwtiilj  i-<innerl»J  wilh 
Ihiit  or  nnpinlian  that  it  ivijaim  •  liiicf  ilMcriplion  at  tlii»  point  Itnlurad 
to  its  uiD|)l*«t  tarniK,  it  oinnial))  of  Ili«  I'tiMnttm  wliii^li  nrr  prnrluinl  in  ■  mlii- 
licui  of  npu  hy  thii  itrDwth  of  ■  niii.-riiM'n|nir  uijpiiiBni.  Tliin  Is  tautp  uno  uf 
till-  SAiv)uiitiniynit«  (■  gmap  at  liiw  Tunfti  whicli  nro  pn>)«|pit(iil  tiy  ■  |>m«H 
■if  Iniililiriic).  Ky  tlin  t^wth  at  thin  funnitR  ttiP  (olution  ot  ni^  l»  liroL")!  up 
inU>  varioiu  product*,  tlis  tnoat  nnh-wi>rthj  beiug  Ainoluil  and  catbooie  anld. 
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s  given  period  of  time.  Tiiere  i»  little  doubl  tliat  this  i'lI'lisuI 
of  ttic  resting  part  to  stait  is  an  inherited  trnit  cotiiicclcd  in 
some  way  with  the  protection  of  the  plant  against  iiiitowartl 
influcDCL's. 

D77.  Respiration  is  accompanied  by  an  eTolotlon  of  hut. 
The  Bowers  of  the  melon  and  tuberose  were  cxatiiiued  bj  Sane- 
sure,  wlio  found  that  in  the  opening  of  the  former  there  was 
an  ek'vation  of  4  to  5  C",  in  that  of  the  littter.  .3°.  Caspary 
deteeled  a  noticeable  rise  of  tem[>erat4irc  in  Ihe  opening  flowers 
of  VitloHu  rvgiu.  and  the  siiniu  has  liecn  otiscned  in  flowers  of 
speeies  of  Caetiis. 

978.  In  those  cases  where  it  is  possible  to  examine  an  organ 
in  which  the  proc-ess  of  respiration  is  ra])id,  as  in  a  i-ompacl 
cluster  of  flowers  of  Aracere,  the  difl'crence  lietweeu  Ihe  tem- 
perature of  the  air  outside  and  that  Inside  the  spalhe  is  very 
marked. 

979.  The  following  results  by  Sencbier,  obtained  by  two 
methods  of  experimenting,  are  verj-  instnictive,  showing  the 
remarkable  and  rapid  changes  of  temperature  in  such  eases. 
The  plant  in  this  instance  was  Arum  maeulatum. 

TlKK.  TciDpurnliirs  iif  Air.  TuuipiniLunaf  tpMba 
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Even  higher  differences  have  been  observed. 

980.  Light  is  produced  during  the  gi-owth  of  certain  of  the 
lower  fimgi  under  certain  (conditions.  The  phenomenon  called 
phosphorescence  is  not  known  in  any  of  the  higher  |)laniB.' 
According  to  Fabre,  it  is  associated  with  the  Bbaori>tion  and 
consumption  of  osygen.  and  liie  evolution  of  carlionic  acid. 

981.  Intmmolrcnlar  mtplratlon.  Under  certain  ciivitm stances 
plants  can  continue  to  give  off  carltonic  acid  when  no  fVeo 
.ixygi-n  is  supplied,  and  when  tlicy  are  kept  in  an  atmosphere 


Fur  «n  jtnvniDt  of  suppotird  vaaea  uf  luuiinuu 
k  uT  lloUn;,  18&1,  [■.  076. 
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of  some  other  gM,'  The  following  L'Xjwriinent  will  illustrate 
Uiis :  — 

If  a  iDAss  of  ticUve  seedlings  hv  placed  in  a  current  of  some 
neutral  gim.  for  instance  nitrogen,  tlic  seedlings  will  ountinue  to 
evolve  ciirltonie  aeul.  Since  the  amount  of  uarbonie  acid  given 
off  is  greater  than  can  l>e  derived  from  the  oxygen  winch  might 
lie  fairlj-  assumed  to  have  liecn  retained  in  the  plants  at  tho  be- 
'iinning  of  the  es|>erimeut,  the  conclusion  lias  been  drawn  that 
the  production  of  this  gas  is  at  the  expense  of  snlielonees  witliin 
the  tissues  containing  combined  oxygen.  In  other  words,  this 
process,  which  is  like  respiration  in  some  ptirLicuiars,  dilfers  fh)m 
it  in  this  respect :  in  ordinary  respiration  IVee  oxygen  enters  inU> 
the  [ilnnt  and  there  oxidi/cs  certain  matters:  while  in  this  case 
the  molecules  of  certain  compounds  break  up,  and  the  released 
oxygen  at  once  forms,  with  carbon,  carbonic  acid,  which  is 
evolved.     This  process  is  known  as  intramolecular  respiration. 

a82.  Wortmann '  has  proved  that  when  seedlinga  of  V'icia  FaiA 
are  placed  for  short  i>eriods  in  an  atmosphere  free  from  oxygen, 
thoy  give  off  the  same  amount  of  carbonic  acid  as  they  do  wheD 
oxygeri  is  flirnishcil.  Hence  he  was  natarally  led  Ut  believe  that 
all  the  carbonic  acid  producol  by  plants  has  its  origin  in  intra- 
molecular respiration,  and  that  Ifae  free  oxygen  of  the  air  takes 
no  direct  part  in  the  formation  of  the  carbonic  acid  evolved. 

W^.  But.  on  the  other  band,  Wilson'  bos  shown  that  most 
plants  evolve  much  larger  quantities  of  carbonic  acid  when  free 
oxygon  is  provided,  and  that  Vicia  Faba  forms  a  remarkable 
exception  to  this  rule.  His  experiments  were  made  u|>on  seed- 
lings, buds,  leaves,  flowers,  fruits,  and  cryptogamous  plants, 
and  with  uniform  results.  He  cites  Pfeffer  as  saying:  "  If  an 
eijual  amount  of  carbonic  acid  were  formed  in  both  iutramolecn- 
lar  and  normal  respiration,  this  would  only  prove  that  the  same 

>  The  aioe  plionumenan  luu  brra  observod  in  thn  rvie  of  Kune  of  the 
townr  uiimala :  PflUger  (Afvliivr*  Fiir  Phyvialogiv,  i.,  ISTS,  i>.  SSI )  bas  shown 
that  when  ihtmr  sniiimls  are  kn^jt  in  an  ntmoBphno  nt  nitmgan,  ihoy  ovnlvo 
(luring  llm  first  bw  houn  nearly  ihi-  winii'  anioiinl  al  mlnnlc  «clil  vi  if  Ibijr 
h*il  brwii  |>laucd  ill  L-umoion  ur.  The  climiiial  prwrona  which  tauM  the 
production  anil  ovolntion  of  (mrhonic  add  in  the  abwDco  iif  fn^  Oijgtai  are 
gmii|iMl  hy  Pflit^r  uiiiln"  ibo  tarm  inlritaudeadar  ntpintliim. 

1  Arbfilen  il«  tntaaiarhen  Instituta,  WUnborg,  ISftO,  p.  SOO. 

■Flam,  lSH2,aiiilAtui>riran  Jnomal,  xxiii.,  18S3,  p.  423.  Foraniatsrartiog 
account  of  tlia  lilitnture  of  iutramolwulor  rcs{nrmtioD  ace  rSiigcr'a  jaiicr,  tnen- 
lioiiul  nlKive.  Obdcrratloiia  npoo  Uia  fluhjn-t  wkiv  niado  trVEo  during  thr  ta>t 
centnry  anil  early  in  t^M^H^flB^lT'  for  Bruugbton'*  and  Pfrffsr'a  worit 
KB  Botaaiachv  Zeitsaad^^^^HhMslifliriiol'tEi'- 
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niiinbor  ot  carlwn  affliiities  for  oxygca  had  been  BatiaSed  in 
each  case,  anil  woulil  iu  no  way  indic^ftU:  fVoin  wLenoc  llie  supply 
of  oxj'gen  tame.  And  in  case  fVee  oxygvn  was  active  Id  nonnal 
rt-Hpiratiun,  in  intramolecular  respiration,  when  free  oxygen  was 
absent,  its  0)11  supply  migLt  still  be  obtained  through  constant 
powernit  attractive  foiws  wliieh  could  take  oxygen  from  other 
combinations  and  thus  give  rise  to  secondary  changes." 

9^4.  Eriksson '  has  sbowa  that  a  slight  (.'levatton  of  tem|M?i-a- 
ture  occiu's  during  intranioleciitar  respiration,  amounting  iu  the 
case  of  a  mass  of  seedlings,  dowel's,  or  fruits,  125  cc.  in  bulk. 
to  .I'-.S"  (.'.  In  the  esijerimente  which  he  made  with  yeast,  he 
obtaiued  a  much  larger  increase  of  temiierature.  Tbns,  when  he 
employed  501)  cc  of  a  fluid  oonttiiuiug  five  parts  by  weight  of 
waUT  and  oue  part  by  weight  of  yeast,  tt^ther  with  10  per  cent 
of  sugar,  he  obtained  an  iuerease  of  8".^  C.  He  found,  further, 
that  in  mtrumolecular  respiration,  lioth  in  the  case  of  germina- 
tion and  iu  that  of  yeast,  the  elevation  of  tcmperatun-  can  be 
noticetl  for  one  week.  After  this  time,  with  diminution  of  the 
respiration,  the  temperature  becomes  the  same  as  the  surrouud- 
ing  air ;  hut  even  then  life  is  uot  extinct. 

»85.  The  curious  es|M'rimcnt  of  iuti-oducing  the  sumllest  pos- 
sible amount  of  organized  ferment  into  a  liquid  {mm  which  all 
utr  has  been  exiiellcd,  but  which  is  otherwise  Rtted  to  nndet^o 
fermentation  or  putrefaction,  lias  rcsult^'d  in  setting  up  one  or 
the  other  of  these  processes,  and  causing  tlie  liberation  of  con- 
siderable qnantiliea  of  carlKiuic  auid.  It  is  Ijelicved  that  in  this 
case  likewise  the  needed  oxygen  is  supplied  by  ttiat  in  the  mole- 
cules of  oxygen-compounds,  which  are  easilj'  broken  down. 

986.  While  the  non- nitrogenous  compounds  arc  those  which 
play  the  most  important  part  in  fiirnishing  material  for  oxidation 
and  the  release  of  enet^*,  the  nitrogenous  matters  share  iu  thia 
activity.  Some  physiologists '  look  upon  the  latter  as  the  chief 
matters  concerned  in  the  process  of  respiration,  and  wonld  regard 
the  non- nitrogenous  com|)ounds  as  merely  supplying  waste.  Ac- 
cording to  this  view,  asparagin  is  a  waste  product  somewhat 
analogous  to  urea  in  animal  economy. 

'Jt'.  From  what  has  been  said.  It  is  plain  that  respiration  does 
not  consist  merely  in  the  direct  absorption  of  oxygen  and  tht; 
imnii^diate  oxidation  of  comiiounds  within  the  organism,  but 
thai  it  is  a  complicated  process  of  which  the  absorption  of  oxy- 
gen and  the  evolution  of  carlionic  acid  are  the  extreme  terms. 

>  UatpmntinTigen  am  item  bol.  Iiut.  la  Tutauei<[),  1881,  p.  10G. 
*  Borodiu  1  BotanisvtiB  Zeitong,  1678. 


CHAPTER    XII. 
VEGETAIiLE  GHOWTH. 

988.  As  alwaiJy  ahowu,  vegetable  growth  consist*  (1)  in  the 
rormntioii  of  new  culls,  (2)  in  the  increoac  iti  niae  of  previoiisly 
oxistiug  ones.  or.  (3)  us  Js  wmuionly  ttie  C4isp,  in  hotii  (tf  tlmao 
procesws  tnking  pliiee  eimuilaneousl}-,  In  the  prcMliKtion  o( 
new  eella  ami  in  the  augmonUition  of  oclla  in  sine  tlicre  arv  cer- 
Utin  elit'iniciil  anil  physical  phonomrna  wliidi  always  accoiii[>ttny 
Ihu  morphological  changes. 

989.  The  chemical  obangeu  are  ^sseiilially  ttioM  which  have 
lH*en  tlcHcrihcd  under  TransinuUttiuu  and  Respiration  :  available 
matters  change  their  character  in  order  to  he  utilized  in  the  for- 
mation and  increase  in  size  of  cells.  The  ph)  sidil  phenomena 
are  chiefly  thost^  which  HC(v>inpany  oxidation  ;  namely,  the  evolu- 
tion of  heat  and  the  production  of  electrical  distnrbanocs. 

990.  The  niati^riaU  used  by  the  plant  for  tlie  fornintiori  of  new 
structures  are  i>roilnced  by  assimilation  ;  nnd  in  aniiuala  a  large 
part  of  the  assimilated  matter  is  consumed  in  growth  as  soon 
aa  it  is  mwlc.  Bui,  in  perennials,  especially  in  ttiosc  which 
lu'long  to  climates  where  vegetation  has  periods  of  rest,  a  |K>r- 
tion  of  the  assiniilal*^^  matter  is  stored  up  for  Allure  use.  The 
rapidity  of  tin-  growth  fVoin  buds  in  the  spring  is  due  to  the 
aliiindant  supply  of  assimilated  iDatt«rs  prepared  during  the  pns 
ceding  summer. 

991.  Hence  growth  is  not  necessarily  nssociatH  with  increase 
in  weight.  In  fact,  in  the  growth  of  new  parts  from  a  bulb  or 
tuber,  although  there  is  a  marked  increase  of  volume,  there  is,  at 
lirst.  an  actual  loiis  of  dry  substance  thnuigli  oxidation.  More- 
over, one  part  may  grow  at  the  expense  of  another;  and  we  may 
have  under  certain  ixinditionB  tbe  anomaly  of  an  increane  in 
volume  of  new  organs,  with  simultaneoua  but  larger  dciTwwc  in 
Miw  of  older  parts,  so  that  the  result,  as  regards  the  whole,  is 
diminution  of  weight. 

992.  Mor|ilinloKlr«l  chaafes  In  the  r«-lh.  The  two  procossrs 
involved  in  oi-dinary  gmwtii.  untiiely.  iiicreniM'  of  cells  in  number 
and  in  si/.o.  miiy  go  on  ti^lher.     But  growing  cells  Ik'Iou^  Ui 
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fine  of  two  I'lasacs :  pitlier  they  are  capable  of  producing  other 
cells,  or,  incapable  of  this,  they  develop  into  cells  for  some 
aiiecial  oltlcc.  To  the  formor  claus  belong  all  merismatic  tissues ; 
(see  201)  froai  the  latter  all  the  permanent  tissues  are  derived. 
Sinee  growing  cells  have  such  dilfci-ent  destinies,  we  must  ex- 
amiue  them  in  their  earliest  iitage  to  find  what  they  have  in 


^93.  The  simplicity  of  structui-e  in  many  of  the  loner  plants  is 
no  gi-eat  that  a  living  ceil  cuii  be  kept  mitk-r  observation  thruiigli- 
out  its  various  atugos,  and  through  its  transparent  wull  all  the 
changes  which  go  on  within  it  can  be  noted.  Bnt  the  [mints  ot 
growth  ill  most  plants,  (■si>eeially  those  of  the  higher  grade,  are 
bidden  by  more  superficial  cells ;  and  ujion  removal  of  these  pro 
tectiug  parts,  patliologicid  changes  ai-c  brought  about  at  once. 
nt)m  exi>osure  and  mechanical  injury,  and  healthy  growth  is 
arrcslol.  In  a  few  instances  only,  such  as  plant-liairs  and 
other  epidermal  stmctnivs,  is  it  imssible  to  observe  directly  the 
pi-ngi-css  of  cell-division.  Growth  In  deeper  parts  must  be  ex- 
amined by  an  indin^ct  metliod  ;  that  is,  like  parla  must  be  com- 
pared at  different  stages  of  devclojiment,  care  being  talten  to 
select  those  which  have  lieeu  kept  under  neaily  the  same  ex- 
ternal conditions.  By  judicions  selection  of  material  for  the 
examination  of  growth.  s|ie(-imens  euo  be  found  which  exhibit 
in  a  single  section  several  different  phases  of  cell-division. 

994.  When  fresh  material  is  empioyeil,  the  sections  arc  so 
much  distoi'ted  that  it  is  difflcull  to  secure  satisfactory  results ; 
in  fact,  the  discordant  views  relative  to  the  formation  of  cells  ore 
largely  attribuuble  to  this  source  of  error.  If,  however,  tho 
tissue  to  be  examined  is  placed  for  a  while  in  absolute  alcohol, 
either  with  or  without  u  little  cbromic  acid,  the  c«ll-waU  is 
rendered  so  much  harder  that  the  sections  are  not  seriously 
distorted,  oiid  the  contents  of  the  cells  are  more  clearly  seen. 
When  the  In-ntment  is  fiiipplemcnted  by  the  use  of  staining 
agents  adapted  to  special  cases,  the  course  of  development  Ot 
new  cells  can  Ik-  followed  out  with  coniparalive  certainty. 

B'ja.  In  the  protoplasm  of  nearly  all  vegetable  cells  there  is  a 
spheroidal  or  lenticular  body  apparently  denser  than  the  proto- 
plasm itself.  It  letains  the  name  tiudeuK,  given  to  it  by  Uoberl 
Brown,  who  first  called  attention  to  its  im|K)rtunce.  Under  ordi- 
nary cii-cuinstanci'S  it  can  readily  l»e  detected  in  all  active  colls 
of  the  higher  plants. 

When  livuig.  it  resists,  like  the  protoplasm  in  which  it  is 
emliedtlcd.  the  entrance  of  all  coloring  agents ;  but  when  dead  it 
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is  at  oncf.  tinged  by  them.  Upon  the  application  of  itxfine  it 
becomes  ilcepcT  brow ii-jcl low  tlian  pratoplusni,  and  this  led 
UorniL'ist«r  to  tlie  bcUef  that  it  is  richer  in  albuniinoidal  mat- 
ters.' Its  beliavior  with  digestive  fluid  mid  oUit-r  reagents  indi- 
cates that,  like  the  nucleus  in  tlic  animal  kingdom,-  it  contains 
u  sulistancc  ricli  iji  phosphorus. ' 

996.  The  surruce  of  the  nucleus  gcueraUy  appears  to  be 
firmer  and  moiv  highly  refringcnt  than  the  interior  mass,  and  in 
these  respects  is  like  the  superficial  layer  of  protophum.  Even 
with  low  powers  of  the  microscope  and  witliout  rci^cnts  the 
inner  mass  of  the  nucleus  is  often  seen  to  be  far  from  homo- 
geneouB,  generally  containing  granules,  which  are  sometimes 
irregular,  sometimes  regular  iu  form.  When  a  single  large 
granule  is  present,  it  is  known  as  the  nucleolus ;  when  two  or 
more,  the  nucleoli.  These  van)-  widely  in  number,  size,  and 
shape.  Besides  such  granules,  Tacuolea  are  frequently  present. 
UlK>n  the  application  of  suitable  staining  agents,  and  by  tlie 
use  of  high  powers,  the  nucleus,  formerly  thought  to  be  nearly 
homogeneous,  is  shown  to  be  a  liasic  substance  j>oseessing  a 
finely  reticulated  structure.  At  times  the  nucleus  appears  to 
be  simply  dotted  thi-oughout  with  iiue  points. 

997.  When  the  bodies  which  are  associated  with  its  basic  sub- 
stance are  gruiiular.  they  are  distinct  from  each  other ;  but  when 
in  the  shape  of  rods,  fibres,  or  delicate  threads,  they  are  usually 
conjoined  lo  form  a  sort  of  network,  ur  so  connected  together 
as  to  make  a  long  Ihiead  which  is  tangled  iu  a  complicated  man- 
ner. The  basic  suljstaiice  of  the  nucleus,  less  highly  colored  by 
staining  agents  than  the  rest,  has  lictm  chilled  Achromatin  ;  while 
the  {wrlions  which  take  color  readily  are  termed  Chromatin  by 
Flemming,  nuetein  '  by  Strasbui^er. 

During  cell-division  these  portions  of  the  nucleus  undergo 
remarkable  clianges  of  shape  and  position,  which,  with  the 
changes  observable  in  the  imclcus  as  a  whole,  can  be  illustrated 
l)y  a  few  s|>eciftl  cases  taken  from  Strasburget's  treatise,  and 
given  in  nearly  his  words. 

>  KofiDeiBtur:  Dii-  l.ebre  von  Jvr  PflanunzeUe,  1S67,  p{i.  78,  79. 

*  I!oppn-Si>j  lor:  Plipiolo^ich«  Chcniis,  L  ii.84,  which  coutuns  n  good    . 
locount  of  UiG  litcTBtiire  ot  tho  lubject. 

*  Zacharios  :  BotanUche  Z<ntnni;.  1SB1,  p.  16B 

*  The  on]  J  objection  to  tbc  If  im  HiirJrin  u  iU  iiivrioiis  applioatioQ  to  tli* 
pmiitnnte  chemical  luliAtancd  rii:li  iu  |iliiia|ilti>ru»  wbivh,  although  a  part  uf 
the  nui^leiu,  U  not  {irovwl  to  Iw  idcntkal  with  the  port  which  nceivc*  inilon 
moat  d*ejily. 
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'J'J^.  DpTelopment  of  stoniiila.  Kat-li  of  the  motber-cdls  from 
n-liidi  till'  guiinliuii  ui^lU  ul'  stoiimtu  luv  runm-d  (.'OUtainR  at  Grst  a 
lai'git  niifliHis  with  one  large  nucleolus  or  several  small  nucleoli 
(Fig.  164,  No.  I).  The  nucleus  grows  iu  size  aud  becomes  gran- 
ular, hut  do»?8  not  lo§e  its  ideutily  in  the  i)n)toj)liisniie  mum  (Fig. 
1G4.  Kos.  2,  3).  At  this  period  faint  stripes  appear  whidi  con- 
verge towards  the  [Miles  of  the  spheroidal  nuelcus,  while  tliere  is 
dcvclopedmidway,  at  what  has  hten  well  called  the  equator,  a 
row  of  granules  lying  in  oue  plane  and  forming  s  sort  of  disc 
or  plate  (Fig.  164,  No.  4),  Tht?  granules  next  paas  for  the  most 
part  in  the  nieridiau  lines  towards  the  poles,  and  tliere  actumu- 
intv  to  constitute  now  nuclei  (Fig,  '64,  No.  5).   The  polar  masses 


are  oonnected  hy  taint  stripes,  and  from  this  stage  (Fig.  1U4, 
No.  G)  go  rapidl)'  lo  their  fuller  tleielopment.  In  them  rods 
appear  wliich.  though  somewhat  curveil,  generally  lie  in  the 
direction  of  the  nxis  of  the  spindle,  and  the  cont^inr  of  the  two 
masses  becomes  dearly  deSned  (Fig.  IG4,  No.  7).  Next,  tho 
['aint  strii>es  tbieken  somewhat,  while  at  the  eqnator  there  Is 
deve]o|>cd  a  plane  of  minute  granules  (Fig.  164,  No.  8),  which 
become  confluent  and  form  a  coherent  Him.  This  soon  splits 
into  halves  between  which  cellulose  is  secreted.  At  first  the 
secretion  takes  place  in  spots,  but  it  soon  becomes  uniform. 
The  splitting  of  the  film  for  the  formation  of  the  cellulose  is 
similar  to  that  of  ihe  nuclear  disc,  exempt  that  in  the  former  the 

f\n.  IM.  Uhangni  In  thv  nudgim  ilnrlng  ci<ll-illvlpliiii  In  t!io  muUier.u!U  of  a  rtona 
•it  IrlB  immll*.  Tlin  ilitrk  luin*  In  nil  Uie  OgBtis  repieeont  [lie  HHc'iin,  Iu  Ko.  9 
thr  ocII-'llvMon  l>  ODDi pints,    IStruburgM.) 
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MparaUoii  is  ver.v  slight.  At  tlie  time  of  tlie  furm:ition  of  the 
cellulose  film  certain  iiuclc.ii'  tlii'eads  may  strett^b  as  far  as  tbe 
wall  of  the  motbei'-wlt ;  but  utt«ii  tliey  ilu  nut  extoiul  tu  it,  and 
iu  tliis  vase  the  gap  is  filled  out  hy  a  uorreaponiliug  plate  Troni 
the  protoplasm.  The  cellulose  film  is  pitnluoed  almost  simul- 
tAneously  throughout  the  whole  extent  of  the  mother-<«ll,  which 
is  cut  iu  to  two  guardian-cells,  forming  a  stoma  (Fig.  1C4,  No. 
I*)-'  Although  the  process  goes  on  without  int«iTUpli<iu,  it  may 
be  divided  into  three  phases ;  namely.  (1)  tlic  arranging  of  the 
nucleolarbodies  toform  a  disc  in  the  middle  plane  of  the  nucleus  ; 
(2)  the  splitting  of  the  nuclear  disc  into  two  paits  which  pass 
over  towards  the  poles,  there  becoming  new  nuclei,  leaving  faint 
meridional  lines  connecting  tliem  ;  (3)  the  thickening  of  these 
lines,  and  the  appearance  of  granules  at  the  equator,  so  as  to 
form  a  plat«  wliich  divides  into  halves.  The  cellulose  film 
accreted  between  those  hah'es  sooner  or  later  goes  across  the 
cell  cavitj, making  a  partition- wall  between  two  new  cells. 

The  mother-cell  from  which  guardian -cells  are  developed  in 
the  manner  just  described  is  itself  produced  in  nearly  the 
same  manner  fVom  an  epidermal  cell.  The  latter  contains  a 
spherical  nucleus  having  a  diameter  about  two  thu-ds  that  of 
the  cell.  It  13  not  wholly  filled  with  |irotuplasm,  as  is  usually 
the  Gusc  with  cells  capable  of  division,  but  has  a  vcr}-  thick 
liniug  of  protoplasm  along  the  wall,  and  in  this  the  nucleus 
is  embedded.  The  nucleus  extends  complet*-ly  across  the  cell- 
cavity,  while  above  it  and  below  it  is  cell-sap.  If.  now,  the 
epidermal  cell  is  to  give  rise  1«  a  uew  one,  the  nncleus  passes 
over  to  one  end  of  it  and  there  divides  into  two  parte,  essentially 
as  Iwfore  described,  except  that  the  halves  remain  close  together. 
Between  these  new  nuclei  the  cell  disc  or  plate,  aud  the  eellulusc 
plate,  are  successively  proiluced,  cutting  the  old  cell  into  unequal 
parte. 

99!t.  The  division  of  wlls  In  cambiam  was  examinixl  by  Stras- 
burger"  iu  young  shooU  of  Ilnus  sylvestris.  which  had  completol 
their  growth  iu  length  and  had  hegmi  to  tliieken.  Tln-su  wen- 
selected  on  account  of  their  rapid  development.  The  eambiimi 
cells  of  this  pine  have  a  lining  of  protoplaflm.  t(^ctiier  witli  u 
nucleua  which  oci-upies  the  rni<ldlc  of  the  cell  and  cnniplcU-lv 

B  tin  Btnaller  diameter.     The  nucleus  is  nearly  spheiical.  ur 
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Huincvrliat  IcDgtiii-iieil  iu  Ibu  direction  of  the  long  axU  of  the  cell. 
and  (»ataiiis  several  nucleoli.  When  it  begins  to  grow,  these 
nucleoli  disapiiear,  and  Uie  L-li&roctcristic  Btriatiou  previously  de- 
scribed appeal's  transverse  to  the  direction  of  future  division  and 
of  the  nuclear  disc.  The  lattj>r  is  not  clearly  defined,  and  its 
halves  do  not  rocwlc  IVoin  one  anothi^r  very  far,  since,  iu  fact, 
tliei-e  is  not  space  for  mucli  cspansion  iu  any  event  The  parti- 
tion wall  at  llr^t  is  couftued  to  ttie  space  Itctneen  Uic  halves, 
and  these  are  found  in  close  contact  with  it,  but  later  it  extends 


completely  across.  The  remarkable  thickness  of  the  radial  walls 
of  the  cainliinm  is  explained  by  Sanio  as  due  Ui  the  rion-ithsorp- 
lion  of  a  part  of  the  mother-cell:  but  Strasbni^'cr  ascribes  it 
to  the  uninierrupted  nutrition  of  the  radial  wall  IVom  the  eout*nl» 
of  the  cell  itself.  The  newly  formed  partition- wall  is  thin,  and 
cannot  l>e  shown  by  reagents  to  be  double.' 


1  The  .tiiamil  •houW  consnlt  StnaktrBec-B  wiirk  :  robcr  il«tv  Tliwlun^ 
vor^iig  <h'  ZoUkcrnn.  18S2  ;    a\m  n**  Iwtsniwhr  Praclicum,  clinp.  iiiiv, 
Fio  l«S.    BehMlnr  nf  niielcM  Jorln<  toU-dlvWon  In  U«  eiHilin|Kirni  af  AUInm  lo 
igdimmMla.    (Finn Ding.) 


OKVEMK-MEXT  or   l-OLLKS-GltAINS. 


1000.    DeTelopnent  of  poilra-praiini.     Tlila  alTords 


some  o 
■I  1-iii vision.  an<l  owing  U>  Iho 
be  procureii  urui  stiidieti,  has 


most  inslnictivf  i-xaiii{ili'M  uf  i 
fw-'iiitv  with  wliidi  niiiterial  car 
rectivtd  niiitli  albMitiim. 

(!)  Superfci'il  pfieiiotiutmi.  Tln;«*.  wliitli  can  be  easily 
iriwetl  witliout  tlic  p  in  ploy  merit  of  staining  ngents,  are  in  brief 
as  Tullows:  At  the  iioriM  wlieu  Dm  lucnli  of  ttie  antliers  begin 
ns  minntc  rk-vationa  at  the  end  or  the  xtamen,  the  external 
layer  of  ccIISf  which  is  to  serve  as  epidermis,  is  underlnid  by 


X'" 


a  group  of  smRll  cells  which  give  rise  to  tlie  tiHilhi-r-eelln  of  ihi- 
pollen  iind  to  the  lining  of  the  arithu-r  iUi^ir.  Tlil«  untiiii  U 
Uirmed  the  aruhi-Niwritim;  by  diviwoii  of  ila  Inner  UytT.  lai'll" 
mother-cells  ar^  prcxliietMl  whli-h  dlviib'  to  ronn  lli»  polltMi' 
grains.  The  division  of  &  motlierK^tll  may  gku  rt»i'  to  two,  Itii'M*. 
or  foar  polleH-grains,  and  in  nomi'  caNnt  moro,  uciiiii'dliiH  (u 


I  laa.    Prlilllaiiu  I-onlDit     mtbliiii  utllw  iii<il) 


arilHttacl«iu'pljui<',  I 

dMintliaDtKMi  i.  i 
~i«Mt.  (hm  ll>  " 
aia,  no  lti>  rlfhl  tr-jm 
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direction  of  the  lines  of  fission.  It  is  i)ossible  to  distinguisl; 
difTcrences  in  the  mode  of  division  which  are  fairly  charac- 
teristic of  Angiosperms  and  Gyranosperms,  of  Monocotyledons 
and  Dicotyledons.  Although  the  morphology  of  the  tissues 
involved  and  the  course  of  development  are  not  yet  completi^ly 
understood,  it  may  he  said  that  the  formation  of  pollen-grains 
suggests  throughout  the  mode  in  which  the  male  elements  arc 
produced  in  the  higher  cryptogams. 

•  (2)  Changes  in  the  NticletiH.  The  following  suggestions  by 
Strasburger  for  demonstrating  the  nuclear  changes  in  imllcn- 
grains  can  be  applied  with  few  modifications  to  all  cases  of  cell- 
division  :  Place  the  young  part,  in  this  case  a  very  young 
anther,  in  a  solution  of  methyl-green  in  acetic  acid,  and  subject 
it  to  slight  pressure  by  which  the  contents  of  the  anther-cells 
will  be  discharged.  Those  parts  susceptible  of  staining  will  take 
the  color  readily  and  the  different  stages  can  Ih^  followed  out  sub- 
stantially as  shown  in  the  figures.  For  the  staining-agent  above 
mentioned  the  following  may  be  substituted,  —  gentian-violet  in 
acetic  acid,  or  nigrosin  with  picric  acid.  Preparations  made  with 
the  latter  can  be  preserved  in  glycerin  without  losing  color. 

Another  and  l>etter  method  is  to  place  sections  of  the  tissue 
which  has  been  kept  for  a  few  days  in  absolute  alcohol,  in  an 
alcohoHc  solution  of  safranin,  and  afler  twelve  hours  wash  with 
absolute  alcohol ;  then  transfer  them  to  oil  of  origanum  and 
thence  to  a  thick  solution  of  Damar  in  turpentine,  for  mounting. 

By  the  safranin  the  delicate  threads  of  the  spindle  are  not 
much  colored  ;  they  take,  however,  a  good  color  with  hiematox}- 
lin.     Other  combinations  of  coloring  agents  give  good  results.* 

1001.  Coll-divislon  in  plant-hairs.  The  stamen-hairs  of  Tra- 
descantia  Virginica  afford  excellent  material  for  this  examina- 
tion. The  last  or  upper  three  cells  while  still  young  are  capable 
of  division.  If  the  very  young  hairs  aix?  transferred  carefully  to 
a  slide  on  which  is  a  three  jxjr  cent  solution  of  cane-sugar,  they 
will  continue  the  process  of  cell-division  as  shown  in  Fig.  1G7. 
If  the  specimen  is  a  good  one,  and  has  not  been  much  injured 
during  its  removal,  it  will  remain  active  for  several  hours. 

All  the  examinations  of  cell-division  require  the  use  of  high 
IH)wers  of  the  microscope,  none  l>eing  better  for  the  purpose 
than  the  so-called  homogeneous  immersion  lenses. 

1002.  The  direction  in  which  the  now  cell-wall  is  laid  down  at 
the  point  of  <;rowth  has  been  exhausiivclv  examined  by  Sachs. 


^  Ihis  lK»tani.sfhc  PnutuuiiJ,  18vS4,  ji.  51)8. 


DIKECTION   OF   CE; 


Aoc»rding  to 

may  be  thus  classified  :    — 


IIr.  iilauce  of  tiie 


walls  at  a  [wuit  f>T  P^"tl) 


"ThB  r»l«Uom  I'f  Ui«  peridiiinl  miil 

Lta)   It  th»  mitliun  (in  longitnilinnl  seclion)  <^  the  gmwing point  i»  a  iianX, 
L  the  p«ricliiMl«  will  ooDBlilut.'  n  .ysleni  of  wnfocal  panbuUg  of  diffi-renl    ' 
■nuiter,  ih*  foc"  "f  l^'  <y»'"™  ''•rig  nt  the  jmiiit  of  inlemwtion  ot  two 

I,  ut  wtiii;)!  *>n«  i*  ^b  lUreution  of  tlic  mU  ind  tho  nthi^r  of  the  parmietrr. 
„  :lii»  aMe  tlie  MiticlinalK,  Ulng  tbo  urtliogonal  tr^nclonn  of  th*  IMriclinnU,    j 
knctitnte  t  *fit«in  ut  cuiifocnl  pHmlwIaH,  tbu  kIb  anil  focus  nf  which  coinddt 
Ath  tho«  of  tlie  (xricliiimlH. 
V(h)  If  tho  outlinu  of  the  (trowing  point  i»  «  hfiwrbolH,  Uio  pnrielinalii  will  1 
n  eonra<»l  hyperbola*,  with  the  same  axis  bat  dlirrmiit  |wr«niHM' ;  tho  mutt-  I 
WliwiUbeconfocilpUiiiBi'Si,  withHiuMmefocnsftmlMiiiMtlic  p*ricliiialii. 

(r)   If  Ihc  ontliup  of  lh«  growing  i<oiiit  U  Hn  plli|>H,  tUf  ]«rii-liiiiilii  will  la  I 
I'nnf'-'nl  (ilUpMB  ;  Uic  nntinlinnli  will  \*.  •■.nuUK-»i  hyirrl-iUa "  lAUtnu-t  rnin  J 

Fin.  lOT.    TnulaiuuitU  Virglnie*.     PrrioiiiB  nf  calMtUliInn  In 
n,  vltb  >  qaicKeiit  ituclBiu  In  Uw  luwcr  eoll,  ]ii>d  In  llm  gpixr,  nn« 
MMUlUdl'Won;  b.nactcDi  •hooini  k  sonrK  jrannUt  ttiavturn 
llMnr  arraDfenKfiil  nf  tlio  lartlclw.  Ilw  •Itawln^ftwi 
■IMIkr«nl*tH"'"f"l1-'ll*'>f°nM  ttm  (nl1<i<tlnc  pot 
mluats;  if.  lOW;  (,  lOJUl  /,  10.»i  p,  IDA;  i| 


VEOETAHLE   liROWTH. 

I.  Periclinnl,   those    which    cxliihit   in    longitudinal  Bet-lion 

carveti  ill  llie  hoiiio  ilii-cction  aa  tlif  surfatv. 

i.  Anticlinal,  those  wliicli  cut  the  siirraee  mid  the  |H>ri(.'linal 

walls  at  right  angles  (forming  a  svslem  of  orthogonal  trajecto- 

riea  for  the  periclinal  walls). 
8.  Radial,  thosu  which  pass  tliruiigli  the  axis  of  growth  and 

cut  the  surface  at  right  angles. 

i.    Traiisoeme,  Ihos*;  which  (7iit  both  the  axis  of  growth  and 

tlic  surface  al  right  angles. 

1003.   Orowth  of  the  (wll-wall.     When  the  new  cell  is  forniwl 

it  undergoes  changes  iu  size,  and  often  iu  shape  and  tbiekncsa. 

If  it  increases  iu  size  regularly  at  all  points  of  the  surface,  il 
preserves,  of  course,  its 
urigiual  ahape  ;  hut  if  its 
growth  is  irregular  nt 
ditferenl  jraints,  great 
modifications  offonn  re- 
Hult.  I'ollen-grains  alTonl 
instances  of  llie  fonuer 
method  of  growth,  while 
Ihb  latter  is  seen  iu  the 
multicellular  organs,  for 
example  steins  and  leaves. 
At  the  growing  points  of 
the  stem  and  leaf  tlie 
cells  when  first  formed  are 
nearlj-  alike  iu  appear- 
ance ;  but  wide  diflfer- 
cncea  are  soon  presented. 
The  growth  of  a  cell 
iu  size  may  be  terminal, 
when  it  gives  rise  to 
elongated  forms ;  or  lo- 
"^  i^ized  at  a  polaU  lino, 
or  zone,  when  projections 

and  swellings  of  various  kinds  are  produced.* 

Arbeileo  dea  boUn.  Inst,  in  IViirahurg,  1878,  in  siipeudix  U>  Teit-book,  2d 

EtiK.  «i.,  p.  »6I). 

Tbo  i^iirlent  itbould  also  read  Snchs'a  Vnriciungen,  18S3.  pp.  S3S-5S7- 

1  Thrao  liare  ntmuly  bnrii  (niBluientl}-  roiiaii[«ml  In  the  histological  part 

of  this  volume,  nu<l  it  is  not  aeomsaty  lo  ngitiii  cull  Kllciilioti  to  tlii-  ni!ii|<ta  ' 

uf  tlw  rcHallaiit  tilnii-tiirwi  tn  tl]"ir  rw]>«li»B  kinds  nf  work  in  thn  organinm. 
Will  IM.    A  rr-MiiRnnmilst /.  tliraad  mnneptlng  |>tw>t  wtUi  alHirt  «■ 

Tb«  »il(ht  oriuiif  arm  MliuKed  br  nonlibi  wd(bt  at  t.   (Pf  ~    ' 


RECOUDINO   AUXANOMETfiK3. 


SS3 


IIMM.  MMnnrMncnt  of  Krowtb.  In  sonit'  ciisi'S  it  is  vorj*  easy 
to  make  (lirocC  measiiivniuiits  of  the  amoiitit  of  increase  in  vol- 
ume ;  but  in  general  it  in  nei»Bsary  U>  nnplov  some  form  of  appK- 
latus  by  wliicli  the  auiouut  can  lie  more  or  less  ex^gerated  by 
a  multiplier. 

Several  forms  of  gron'tli-uieasnrcra,  or  auxaiiotnetcrs,  liavc 
uceu  devised  for  attaining  tliis  end.  Thu  simpli'st  iwnsists  uf 
a  fixed  arc  of  large  radius  (see  Fig.  168),  on  whieli  a  delifati' 
arm  moves  up  or  down  aoconling  to  the  direction  in  wbich  a 
small  wbeel  at  the  wnlre,  to  which  the  arm  is  attached,  is  moved 
by  the  action  of  a  thread  fastened  to  the  plant.  Care  must  be 
taken  to  balance  tlic  arm  as  perfectly  as  possible,  in  onler  to 
prevent  any  strain  on  the  plant  by  the  weight  of  the  indf  x. 

This  form  of  apparatus  ia  well  adapted  to  deinoustration  before 
a  class;  ami  if  a  rapidly 
growing  seedling  ur  strong 
scape  is  chosen  for  experi- 
ment, the  movement  of  the 
aru)  through  the  arc  in  an 
hour  will  be  sntDdenC  to  be 
clearly  seen  at  a  considera- 
ble distAiicc.  A  modifica- 
tion of  tbc  a]iparatns  by 
Profresor  Bcssry  reduces 
its  cost  lo  a  mere  trifle. 
Both  tbc  arc  and  ila  sup- 
porting radii  are  made  of 
strong  raanila  pajwr:  tbc 
wheel  is  a  common  spool, 
and  the  arm  may  be  a  slen- 
der atmigbt  straw. 

1U05.  Rwordlng  AnisDo- 
m«iter».    For  the  pur[J03e  of 
registering  growth,  several   ] 
applications  of  the  cbrono-   | 
graph    have    been     made. 
One  uf  the  nioitt  satisfactory  „u, 

of  these  consists  of  a  slowly 

revolving  cylinder  covered  with  smoked  |in{H<r,   n|>on  which  a 
needle,  attached  to  tlif  end  of  a  balancetl  thread  passing  over  a 


1.  im.    itB^innng 


Tlir  Uind  ulUvlird  lo  U 


ki  nEUlnlsd  l>|r  the  imiliili 


384 


VEGETABLE  GROWTH. 


wheel,  leaves  lUi  liacc  as  it  astuuds  or  (U'scfiids.  Tlie  wIkvI  la 
cnusvd  U>  muvt:  by  Ultiaiiii  uT  u  bui'uikI  litiluiiitnl  tliiv.-ul  wliivb 
[Huuwii  ov<T  iLs  ftxis,  aiid  wliicb  U  ruatuutxl  at  odu  und  U>  tliti 
gruning  ]>art  of  tlii'  plant. 

1  (K)(!.  ITeirur's  uiudifiL'iitidD  ul'  this  appni-atiis  [imvidps  thai  thir 
cylinder  ebnll  linn  n  slioit  tlistauce  at  ivgtilnr  iiili-rvalH  uf  lime. 
Bi)  tiiat  tbc  line  made  by  tbe  iivedle  iHT-oiuea  inlcrruptcd  und  tbiiK 
L'xbibits  tb«  appvaruiicc  ul'  elrps  ;  in  wUieb  tbe  hcij^bt  of  tbe  Bt«p 
I'fpitseiittj  thi;  total  nsratit  or  descent  ol'  tlic  iiecdlo  during  u 
givi?n  tirae,  nliUe  tliv  ullier  line  of  the  &tep  mendy  lonrks  tbe  dis- 
tance through  which  the  cylinder  moves  at  tbe  olosc  of  one  of  Us 
iDtcrvaU- 

1007.  Exauiplt-'S  of  very  rapid  gi^owtb  aro  aflbiiled  by  many 
fungi ;  Tor  instnnci;  thr  (.-onimoD  piiir-ltull,  which  increases  enui- 
niously  in  size  during  a  single  nigbt. 

Shoota  of  bamlxx)  tia\'L-  hucn  observed  at  Kew  to  grow  at  tbe 
rate  of  two  to  tbn^c  inches  in  the  twenty-four  boura ;  and  in  its 
native  habitat,  Bainbusn  gigautea  has  been  known  U>  grow  moru 
than  t*n  indites  a  day. 

The  expansion  of  the  leaves  of  Victoria  regis  is  i-xtn-mdy 
rapid,  under  favorable  conditions  reachiiig  a  ftmt  iu  tbe  twenty- 
four  bourn.  The  scapes  of  luiiiiy  plants  ilcvtlop  at  a  rapid  ratv, 
and  attuitl  esicllciit  mnU'Hnl  for  practice  witli  the  ausanomcier. 

KICK.  Cvndltlom  of  gruwtb.  Vegetable  gmwth  <1oes  not  lake 
place  unless  there  is  an  available  supply  of  assiinilaU'd  matter, 
iieeess  of  rh:e  osygeu,  and  a  sulBcieutly  high  temperature.  The 
assimilated  iniiUi'r  may  Iw  fiiruished  to  the  growing  parts  di- 
rectly (Vom  green  tissues,  or  from  reservoii's  where  it  has  been 
stored  uji.  In  cither  case  it  must  come  in  a  stale  of  solution  to 
the  growing  wlls,  and  hence  a  certain  amoinit  of  water  is  re- 
quired for  tlie  transfer.  That  the  amount  of  water  demanded  is 
not  Deeesssrily  large,  is  shown  by  the  starting  of  shoots  flvni 
bulbs,  tubers,  etc..  in  the  spring,  even  whun  no  tvater  has  Iwen 
f\irnished  from  outside. 

lOOil.  Although  the  process  of  rf)'pinition  in  green  pInuU  may 
go  on  for  a  lime  without  free  oxygi-n,  as  has  lnjew  shown  by  the 
experiments  described  on  page  371.  tliere  is  no  proof  that  growth 
cKicura  under  such  circumstances.  In  an  atmosphere  of  hydrt^n, 
nitrogen,  carbonic  acid,  or  nitrons  oxide,  —  gases  which  arc  not 
in  themselves  harmful  to  plants,  —  growth  docs  not  take  pUei:, 
tks  has  Itecn  proved  by  csperirnents  upon  seeds  and  seeflliags. 
Dotmer  has  shown  that  gi-owth  is  immediately  theckwl  when  the 
plant  is  deprived  of  free  oxygen,  but  death  does  uot  ensue  until 


ItELATIONS  To  TKMPKRATrRE.  885 

nfttT  a  consiiki'iUik'  time.  Duriiiy;  Uie  |x;rioit  of  inactivity  the 
plant  is  roatlj-  to  rispoiul  ut  once  to  tliL'  influence  of  iix.vgeii, 
growtti  being  thun  innneiliali.'l,v  rL-sunuxl. 

1010.  If  assimilated  matters  and  free  osygun,  hotli  essential 
t(^  grotrtli.  are  abinidantly  auppliu<)  to  a  plaiit  which  is  kept  at 
liM  low  a  tempeiature,  growtli  does  not  owiir.  The  minimum 
limit  Tor  growtb  is  ditl'erent  for  different  plants,  and  is  not  the 
same  for  all  organs. 

Again,  it  must  be  noted  that  there  is  n  maximum  limit  of  teui- 
[wrattire  alxne  wliicL  giowtli  does  not  take  plat«,  and  tliis  limit 
is  also  different  for  different  plants.  Between  the  lower  and 
Upper  limits  Uicre  is,  for  the  plants  which  have  been  thus  fiir 
studied  with  respect  to  the  effect  of  beat  on  growth,  an  optimum 
of  tempera tiri'e  at  which  growlli  is  most  rapid. 

lOU.  RelallADS  of  ^rawUi  to  teinperatnrt^.  The  7iitnimum  frm. 
periiture  i-eqnired  foi'  growth  is  genondly  much  higher  for  pluute 
of  warm  regions  tiian  for  plants  of  cold 
climates,  aud  them  are  wide  differeuccs 
even  among  plants  lielonging  to  the  same 
climate.  A  few  of  the  earliest  spring 
plants  begin  their  growth  at  or  very  neai 
the  freezing-|X)iut  of  water  i  it  is  thought 
by  some  obser\'ers  that  growtli  may,  in 
a  few  cases,  take  place  even  below  l\i\» 
point.  Kjellmariu  states  that  the  ma- 
rine alga)  at  Spitzlwrgcn  continue  to  ile- 
velop  their  thallus  during  the  polar  night 
of  throe  montlis.  and  that  most  of  them 
during  this  time  produce  tlieir  siwres. 
the  temperature  uf  the  sea-water  being 
on  the  average  one  degree  below  zero, 
Centigrade.' 

But,  on  the  other  ham),  many  of  the 
tropical  plants^  cultivated  in  hot-lioiises 
cease  growing  when  the  temperature  falls  below  10°  or  15°  C. 

1012.  77ic  maximitm  temperature  for  growth  is  as  wide  in  its 
range  for  difforeut  plants  as  the  minimum.     Aside  from  the 


>  C^iiii[jli»  Keiiihu^  Lix>.,  I8T2.  |>.  (7*.     Sn:  also  Fslkentierg:  Dia  Algea 
tin  wnitraten  3iutii<,  in  Scbcnk'n  Rubiiiik.  18S3. 
'  See  Uu  CmidolU ;  ri)j3ialr>)(ic  n'Ri^tnlc,  IWi. 
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inBtnncca  of  planta  growiti};  in  hot  springH.  it  may  be  said  to 
lie  at  or  very  near  30°  C".  Tlic  llgiii'us  ulitniuei)  ly  SauUs  for  iLe 
common  plante  be  csppiimuuted  upon  are  in  gcncial  liotwecn 
aC  and  46°  C.  It  is  a  curious  fact  that  some  tropical  planta 
&ve  Dot  uipable  of  bt^arin^;  a  liigher  temperature  than  a  I'ew 
plants  of  cold  countries.' 


1013.  The  oplimum  Uinjierulure  for  groielh  lifsin  most  cases 
laetwecn  20°  and  30°  C. 

lUU.  The  following  table,  compiled  by  PrelTcr.  exhibits  at  a 
ginni-c  the  cunliiml  ixiints  of  temperature  as  they  have  been 
determined  by  Tour  observers :  — 


'  PfrflWr:  PtlanJi-iiphywoloKie,  ii..  1881.  p.  123. 
Fm.  ITI,  ApriantlD*  fit  k«{iliigr«aillin^tn  loiinfttant  lenitierKturg  Tliuilrnmml 
a  i>aii  unlLimrjr  thetini>rmulitl'>r  hy  wUkli  Uiu  flniriif  flliinilimlllie  k****"  '"'""■■('"U^ 
•llliln  niHTOw  limit*  Ti>  Ininn  Hill  gmur  conlrnl,  liip  nmn  HiuiHvs  rrsninloi,  r. 
te  aln  oDpl'iyeiL  Th«  cylln<irkal  vmiiuI,  t.  Iliw  Am\M  WHtla,  Ilia  a|uiai  bdlvrmn  Ihun 
boInK  lined  •i(h  viur  Unrlsr  Ibb  vouct  ■  very  siiiiill  buriivi  la  aufflulunt  aiai)  fur 
■mlimiiu  lemiianitiira,    (Pftttnir.) 
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NUDO  at  PUnt. 

T« 

Gn«rth. 

„^.. 

»t..,g„.. 

Opllmmu, 

"C. 

Mulnium. 

Tritinnmnilgam.    . 

15.0 
7.S 

128.7 
i2B.7 

V2.i 

KoupcH.' 
Aichi. 

Hordcixn  vulg-n      . 

6. 

2S.7 

37.7 

Siiwpiaolln    .     .     . 

0. 

121. 

lar.4 

1            2S,0 
}  over  87.2 

Ue<-Hn<lolle.> 
1>«  Vries.< 

Lppidium  wtivuin    . 

1.8 

De  Cundollr. 

}b.'lo«87.2 

1.8 

1-21. 

}a7.4 

1  ov«r  87.2 

Ue  I'«ii.l«Ue. 
De  Vrie.. 

Trifolium  repeiis  .     . 

5.7 

•il-25. 

below  28. 

1)«  C«nJ<.tle. 

I*bnaeolui  miiltiflonit 

9.5 

48.3 

Pisuunistivum      .     . 

6.7 

S«.6 

K^pl^u. 

Liipiuiis  slt>u»      .     . 

7.5 

2S. 

s'X"- 

(e.5 

1       S3.7 

48. -2 

ZeaHua    .     .     .     . 

J  9.8 

33.4 

K«ii..n. 

u. 

(  21-28. 

3n. 

■.'ucurbiCa  Pupa     .      . 

ia.7 

33.7 

16.-2 

Site  lis. 

8«iinium  orientala    . 

13. 

■25-28. 

Wow  ib. 

Dh  <-'tiiidolk<. 

1015.  SelaHons  orKrowth  to  light.  It  U  only  under  the  inflii- 
euue  uf  light  that  tht;  pluiit  can  prepare  from  inorganic  matter 

'  Text-book,  2(1  tng.  iil.,  p.  83U. 

■  Wnrme  imd  Pfluizensachflthiiui,  1870,  p.  13. 

*  Bi1>ttothiii|uu  uDirereelle  d.  Gvoftve,  Arvhivra  des  Suienwa  physiques, 
xxiv.,  18(16.  p.  S4S. 

*  UaUmux  pour  U  conaniaaBDee  de  I'mfliienul  de  In  t<-ni]>emture  aur  los 
plaiitea,  Archivea  NArlanikisv!),  v.,  1S70,  p.  385. 

Ki)p|ien  bus  giTea  an  iiuitnictivi:  tabic  vhkh  exMtriia  tbe  relBtions  uf 
growlb  ta  tompemtun  id  «  lew  (-ommoii  pUnU.  TUq  figurra  lUnolc  ttio  growth 
in  fany.ei)(ht  bniira  of  tbii  wholn  dMcnDding  axia  nt  each  iiUntUl. 
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luaterinls  for  its  grovrtli ;  I  ml  irnii!i'li'r|iiHto  :i[noiititorasstrai!ate>1 
subataiiw  Ims  bevti  stdrinl  up.  growth  iiin  gu  ou  in  the  dark  until 
tliis  8t(>ro  is  i;xliaii»t<il.  It  is.  Jii  Taut,  in  tho  dark  that  nvarly 
all  vegetable  gi-owth  tnki's  place.  It  is  well  known  tliat  rII  the 
points  of  gixiwtb  in  Uie  onliiiary  higher  plaiiU  arc  more  or  letta 
proti-ulcil  Tnim  tJic  at-tion  of  light.  Thus,  tlic  growing  tissues  uf 
huds  are  coucnaled  beneath  ejrtcrnal  structupps ;  so  also  is  the 
cnmliiuMi  by  which  diootyledons  increase  in  thickness. 

lOlG.  When,  however,  a  shoot  develops  in  darkness  it  is  ai>t 
to  l>ecoiue  much  more  atteniiat«d  tlian  when  it  develops  i»  light ; 
its  leaves  are  etiolated,  and  of  abnormal  ehaiie  and  diminished 
size.     Suuh  shoots  are  said  to  be  ^*  drawn." 

1017-  There  is  eoiisiderablc  difference  in  the  degive  t«i  which 
dilfcrent  ports  of  plants  are  affected  by  the  withdrawal  of  liglit, 
and  there  are  also  dilTerenccs  in  this  respect  Iwtween  dilferent 
species.     The  effect  of  darkucsa  upon  shoots  is  well  shown  hy 
the  simple  esperimeut 
of  fonducling  a  Iji-unch 
of  Slime  strong  plant 
like  Tropipoluin  or  a 
goiinl  into  a  dark  box, 
.ill  its  other  leaves  be- 
ing kept  in  the  light. 
The  elfects  are  more 
striking  H'hen  the  shoot 
is    a    dowering    one; 
the  interiiodes  will  be- 
come much  drawn,  the 
ktives    will    be    small 
mid  lilanched,  the  calyx 
will  Im  \mU;  hut  tlie 
rest  of  the  flower  will 
Iw      liardly      affected 
i-itlicr  in  Bhii|>e  or  size. 
1 1  Monietimca  happens, 
h'.«cver.  lliat  the  Bow 
ii-rt  wili  be  abnormal. 
1018.    The  reUtlvnit  of  growth  lo  oxfBen.    All  growth  is  aceoni- 
[innied  by  the  osidalioii  ofassimilati^  siibstauce,  or  food.     Can 
growth  lie  stimulated  by  f\irnishiug  tt"  the  plant  a  larger  amount 
of  oxygen  than  it  would  obtain  under  natural  conditions?     This 


,    tirowltiora<'anllnllilils>Htilxrk»H 
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qiiestiou  is  not  jot  iiositively  answered  b\  any  eX[M<rimeut8.  It 
han  been  shown  ibat  sumc  plauts  jpuw,  I'ur  a  tiniu  at  k-uut,  iiioru 
rapidly  when  they  are  eiibJeeU;il  to  a  slight  iiicrvuso  of  pressure  uf 
the  atmos^jhere  by  wWivh  tixey  arc  surruuiiilctl ;  but  thci-e  arc  also 
a  ftw  cases  whicli  indicate  tliat  some  utlier  plants  tuny  grow  mum 
rapidly  under  a  diminished  pressure. 

The  "  resting"  statu  uf  some  plants  cauriul  be  eliurteninl  by 
any  increase  in  the  amount  ur  oxygen  nirnlslivd ;  it  i:^  only  alter 
the  normal  time  uf  rest  has  ended  tUat  any  growth  begins. 
Whon  periods  of  rest  cannot  tw  disturbed  by  any  ordinary  changu 
iu  tlie  surroundings,  tliey  may  be  held  to  l»e  conservative,  since 
tbey  are  generally  correlated  witii  the  climatic  conditions  of 
peril  from  cold  or  from  dryness,  under  whieli  these  plant* 
naturally  live* 

1019.  Periodical  chancer  In  the  ral«  of  (growth.  Kveu  uiidur 
external  conditions  which  are  as  nearly  constant  us  |>ossible 
growth  is  not  qnito  nnirorm  in  ita  rate.  Thus,  an  vxtending 
iuternode  grows  in  length  at  llrst  slowly,  then  with  gradually 
accelerating  rapidity  nntll  a  maximum  of  growtli  is  rcaclietl, 
fVou  which  point  the  rate  duclimuj  until  with  maturity  of  the  part 
growth  ceases.  The  line  of  growth,  when  given  grapliically,  is 
a  curve  known  as  the  great  curve  of  growth :  and  the  [leriod  of 
rise  ami  declhic  is  the  grand  period,  to  distinguish  this  rh>ni  the 
minor  pcrio<ls  of  accelerated  growth,  which  appear  on  tlie  curve 
as  small  llnctimtiuns. 

1020.  PropnllM  of  Mw  Mils  add  tlssam.  Newly  formed  cells 
arc  generally  characterized  by  the  i>osHcs8ion  of  a  certain  amount 
of  turbidity  ;  tlio  young  cell-wall  exerting  moi*  or  lesa  resistance 
to  the  expansive  contenta  within.  The  <-ont«nIs  arc  then-fore 
compressed  U>  some  degree  by  Oie  confining  wall:  the  action 
ami  reaction  varying,  of  course,  with  changes  iu  the  surroiiudings. 
If  a  part  of  its  water  be  withdmwn  fh>m  the  cell,  the  com- 
pression is  materially  lessened ;  while,  on  the  other  hand,  an 

a  the  amount  of  water  must  augment  it. 

1021.  These  features  have  been  recently  re-examined  by  De 
Vries,  who  has  suggested  a  quantitative  method  for  determining 
the  amount  of  turgidity  at  any  given  time.  The  method,  when 
reduced  to  its  simplest  teriD.i.  consists  in  the  use  of  solutions  of 

growth,  tliD  itudf  0 

U  nutrilloii  •Im  veg^Unx,  AiuuIm  de  CUnile  «t  ilc  Ph)-- 
iTi.,  1879.  p.  IU. 
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salts  of  knuvru  strcnglli  in  wliii-b  the  tissues  are  placed,  aud 
which  lire  ihcn  allowwl  lo  act  ii|nii]  the  conlcnte  of  the  (.-elk. 
When  the  tiolutLoim  aro  more  dense  than  tlie  fluids  in  the  cavil.v 
of  the  cell,  un  exosmotiG  action  withdraws  a  ceilaiii  ainonnt 
of  the  water  fVom  the  cell,  causing  thereby  a  ehrinking  of  its 
contents  which  can  be  easilj-  obeerved  under  the  micioscope,  or 
noted  by  curvature  of  the  whole  section.  The  Tiiellioil  permits 
the  exiKJinmenter  to  ast-ertain  wilhin  narrow  limits  the  density 
of  the  contents  of  a  given  cell,  and  to  deterniino  the  relative 
degree  of  lui^idity  in  different  cases.  When  a  cell  undergoes 
no  clmnge  of  form  ujwn  being  placnl  in  a  solution  of  a  given 
strength,  that  solution  is  taken  as  a  measure  of  the  density  of 
its  eonteuts.' 

1022.  Tenslotw  In  cell-wall.  There  may  frequently  be  obser\'ed 
a  tension  of  different  layers  of  the  cell-wall.  This  can  be  easily 
demonstrated  by  making  thin  sections  of  any  succulent  tissues 
from  which  cells  can  lie  readily  detached ;  a  cun'aturc  will  Im: 
detected  at  the  moment  of  cutting. 

1023.  Young  cell-walls  are  elasUc  to  a  certain  extent;  but 
tlieir  limit  of  elasticity  is  easily  exceeded,  and  then  they  remain 
ill  the  stretched  condition.  When  an  internotie  is  strongly 
stretched  in  the  direction  of  its  length,  it  undergoes  i>ei(nanent 
elongation.  This  elongation  may  amount  in  some  cases  to  three 
or  even  five  per  cent ;  wbei-eas  the  temporary  extension  in  the 
same  instances  may  range  from  seven  to  seventeen  per  ceuL 
The  extensibility  diminishes,  wliile  the  elasticity  increases,  with 
tlie  age  of  the  internode. 

102-1.  From  his  experiments  .Sachs  draws  the  following  con- 
clusions I'egarding  growing  internodes ;  ( 1 )  After  flexion  they 
do  not  comjilelely  recover  their  straighlness ;  (2)  one  vigorous 
bending,  and  to  a  still  greater  extent  re|)eatcd  ones  in  op|K>8ite 
directions,  leave  the  internode  flaccid,  or  deprive  it  of  its  rigid- 
ity ;  (3)  when  growing  internodes  are  sharply  struck,  there  la 
a  sudden  curvature,  the  concavity  of  which  lies  towards  the 
direction  of  the  blow." 

102.'>.  Tension  of  tlssaes.  I'nder  the  ordinary  cireumslances 
.  of  growtli  walls  of  young  cells  continue  to  he  somewhat  elastic 


'  flatina/ijiiia.     For  «  full  Htcouiit  of  tlie  iiiiBiitiutivc  ai-tio 
plaariiolytiR  agents  tbo  i^tuilent  should  coniult  De  Viies'a  paper  in  PriiiK«lieim's 
Jkhrbiicbvr  fur  188t,  n-here  tb«  eSect  of  pota&aii:  nitrate  sud  other  subotance* 
Djion  thfl  protoplBHmic  film  is  deUilod  nt  Ivii^h.     In  tbi-  Labonitory  at  C»tii- 
liriilfie.  Mr  Piilfet  hiu  confimied  itHwt  at  De  Vriea's  oliwrvntioiiii. 

»  SiwIiK  ;  Test-book.  2d  Kng.  wl.,  1882,  yy.  784-788. 
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and  liooce  exhibit  distinct  tenaiuim.  IT  tljere  is  s  marked  dif- 
fereiice  in  the  rate  of  giowth  between  the  internal  and  the  ex- 
ternal celts  in  any  organ,  as  is  tho  case  in  most  young  stains. 
the  more  BuixirBcial  tissues  are  strett-hed  to  some  extent  bv  llie 
inturnai  ones;  hence  arise  tensioQs  of  tissues,  the  organ  in 
this  state  being  in  a  balanced  condition,  in  wliieh  the  equilibrium 
can  be  disturlted  by  sligiit  external  or  internal  causes.  The 
following  experiment  exhibits  the  phenomenon  of  teusion  very 
strikingly :  Fiom  a  long  and  thrifty  young  interno<)e  of  grape- 
vine cut  a  piece  which  shall  measure  exactly  one  binidred  units, 
for  instance,  millimeters.  From  Urn  section,  which  measures 
exactly  one  hundred  millimeters,  corerully  separate  the  epi- 
dermal structures  in  strips,  and  place  the  strips  at  once  under 
an  inverted  glass  to  prevent  drying;  next,  separali^  the  pith  in 
B  single  unbroken  piece  wholly  fVeerl  from  the  ligneous  tissue. 
Finally,  remeasurc  the  isolated  portions,  and  compare  with  the 
original  measure  of  the  internode.  There  will  be  found  an 
appreciable  shortening  of  the  epidermal  tissues  and  a  marked 
increase  in  length  of  the  pith.'  The  young  ligneous  tissue  is 
generally  shortened  by  its  release,  but  tliis  result  is  by  no 
means  constant.  Tlie  most  astonishing  feature  is  the  great 
difference  wliieh  exists  lietween  the  Icngtli  of  the  external  tis- 
sues and  titut  of  the  tnlcrnni  tissnes  which  up  to  the  period 
of  isolatioD  they  bad  compressed.  The  external  parts  had  been 
plainly  stretched  tu  a  certain  extent,  while  the  internal  had 
bran  as  obviously  confined  by  them.  The  tensions  are  not  only 
in  the  direction  of  the  length,  but  are  also  transverse.  Similar 
tensions  are  to  be  found  also  in  foliar  organs.     Bnt  tber«  are 


'  The  following  table  exhibits  the  renutrkabli;  diSereuoM  in  l«n«ioa  bs- 
ivrvrn  the  outer  and  the  Inner  |iarts  of  youug  sliiMtt  of  Nivoliana  Tnliacaro. 
RHcfa  internode  u  first  nit  equiirel)'  oIT  ol  both  emi*,  and  then  earernlljr  elJwd 
lengthwiw  BO  15  to  Mpumtc  ihe  hark,  wood,  and  pith  from  each  other.  Su^ 
[•osing  th«  length  of  tlie  wbniR  Intrmode  to  be  one  hinidn<d  iinita,  Ihs  length 
ot  the  cortex  will  fall  «hort  of  this,  while  that  oT  Che  |iiih  will  raruddctably 


LHiph  of  ibe  laclalad  Tbrnie.                  1 
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sonie  parti;  u  for  exsinple  most  roota  near  tfaelr  extrtnrity, 
'  wUeh  do  Bot  exhibit  lUs  pfaeoouMDOu. 

ion.  Oeitnfinu  SofiiiaM  s  jroang  ataoot  ba  poancwi  the  ten- 
don alrMdj  ilMcribed ;  kt  tUs  be  placed,  vbOe  grunring,  in  «ii 
borizontAl  positioa.  In  ooosMpicow  of  lis  positioo  tbe  outri- 
eat  fluids  Till,  frotn  tbe  forre  o(  grantAtiuo.  hare  a  tendeni^ 
U>  colkct  in  gn*Xa  aaKxrat  in  the  cells  upon  Its  nodcr  side. 
Their  preseBc*  on  that  sida  will  not  ddIt  nose  an  increase 
of  twyecepcB  then,  bat  will  aBer  to  tbe  growing  cells  a  Itii^r 
atnotuit  of  araSahla  naterial  fi>r  imtnediaU   use   in   growth. 


especqally  for  laying  down  the  cell-wall.  From  one  or  from 
boih  of  tliuse  CHUses  there  will  therefore  be  an  Appreciable  elon- 
gation of  Uic  tiBAiics  on  tbe  under  side,  and  hence  a  cuning  up- 
wards will  occnr,  which  finally  results  in  tbe  assumption  of  the 
erect  position  by  the  organ  in  ttneslion. 

1027.  If.  on  the  oilier  hand,  the  organ  |)08BeBses  little  or  do 
tension,  it  ia  eoDceivablu  that  the  growth  would  result  in  a  cur- 
%-ature  of  Iho  extremity  towards  the  ground ;  this  is  seen  in  the 
ease  of  roots.  The  same  factors  produce  an  upwai-d  ciu-vaturc 
where  tliurc  is  marked  tension  of  tissues,  and  permit  a  down- 
ward curvature  where  there  is  little  or  no  tension.  Il  is  a  sig- 
nillcaiit  fnct  lliat  in  Uic  case  of  certain  branches  ti-om  roots  tbe 
direction  ot  growth  is  oiilique. 

1028.  Oi^ns  which  turn  towards  the  earth  are  termed  ffeo- 
tr»pic;  those  which  turn  upwards  are  a/w^eofropi'c  /  those  which 
pursue  in  their  growth  oblique  directions  have  been  termed 
dtaffcotropic. 

102:1.  UcllotroplKin.  It  I'sn  be  shown  by  exact  measurement 
Ihnl  in  many  cases  light,  e8[>ccially  the  more  rclVangible  nart  of 


no.  1 
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the  spentrara,  has  h  retarding  effect  u|M)n  tlic  growth  of  (.tTtniti 
paitA,  —  for  instnnce.  upon  that  of  sboots,  —  exhiliiling  itself 
in  ihe  curvatuitr  of  the  [nirt  tuwanli^  tlie  side  of  givaI«Hl  illii- 
iniiiatioD.  Such  curvatures  are  eaid  to  lie  /itliu/ropic.  It  in, 
liuwever,  well  known  that  the  &lioota  and  some  otlicr  parts  of 
II  few  plants  turn  away  from  tbc  liglit  ;  siicU  are  ttiriniil 
np/ieli"tropic.* 

1030.  Little  ia  known  positively  hs  to  the  nature  of  ttie  intlii- 
enee  which  light  exerts  b]>oo  growth.  The  studies  iif  Vinoa 
have  shown  that  the  inltti^noe  is  largely  due  to  tlie  modi  (ieiiti tin 
of  the  turgescence  of  growing  cells.  "The  conditions  of  growing 
and  of  contnictile  cells  are  in  some  n-s[H'cts  tliesauie.  Tui^dity 
lit  essential  to  the  proper  rUlfllnient  of  the  flinctious  of  iKith.  and 
it  bus  l)een  shown  tliat  liglit  has  the  i>ower  of  inhilriting.  more  or 
less  completely,  the  activity  of  both.  The  luosl  general  case  of 
the  Hction  of  light  upon  growing  cells  has  lieen  shown  to  l)e  a 
diminution  in  the  rapidity  of  their  growth.  The  cell  with  dimin- 
ished or  arrested  growth  may  be  fairly  eomiwred  with  one  of  the 
colls  of  a  rigid  motile  organ.  In  Iwth,  the  lnil^eUle  of  the  pro- 
toplanin  are  in  a  state  of  stable  equilibrium  so  that  they  do  not 
yield,  in  tlic  former  case  to  the  foroe  which  t«nds  to  scpuntte 
tliem,  namely,  tlie  pressure  of  tbu  cell  cont«nts.  and  in  the  latter 
to  the  force  whtcb  tcmls  to  bring  them  nearer  ti>getber.  The 
theory  that  the  action  of  light  upon  growing  cells  and  u[>on  those 
of  motile  organs  is  due  to  such  a  modificatiou  of  tlic  relations 
v-sisting  between  the  miceihe  of  the  protoplasm  Ibot  the  moliilily 
of  tlic  micellie  is  diminished,  thus  gives  a  satisfactory  explana- 
tion of  many  phenomena  which  at  Qrst  sight  seem  not  tn  have 
uuich  in  (Simmon. "' 

1031.  Urdrotroplsm.  It  has  been  shown  by  several  es|ieri- 
menters  that  rootlets  when  developing  in  moint  nir  deviate 
towards  a  moist  surface.  This  phenomenon,  which  has  been 
examined  in  detail  by  Sachs,  is  t^rmeil  Hydndriiftitm.    The 


>  111  ordiv  to  pxntiiinc  tbe  elTrutiiiif  thoditTennt  parts  oflhc  spei'tnini  ujiau 
thi>  (ttvwlli  uiJ  iiinK-iiienls  uf  plHuU,  tliv  Rtuilerit  should  ciiltivalu  in  chh*  uf 
1,'Uss  of  different  toXon  lim  or  ihrn  loedlitigs  ■*  niiiDy  bulbous  plniits,  and 
Kiiiiii  well-nioinl  i-iittiO|p<  »(  hunJy  liouM-pUntKi.  for  inslaDM  IVUrguninin. 


OhacrvB  whetlivr  the  growth  ia  id 
uhvllx^r  nil  thi*  aMillingB  ei 


■  rkpid  under  blue  Rhm,  ■ 


e  in  th«  « 


t  insuDar  in  the  dilTornit 


•hoiild  Iw  bumi?  in  uiiml  tlinl  Ihe  liulboUB  pUol  u  it 
)p'uer>iu>  iiiiii-ly  iif  Hvitiliilili:  taa<\,  whi'iins  th«  Mwdliug  hss  a  mora  Kuily  itoix, 
and  Lhp  <:iilIiiiK  Turf  lllUb 

•  Arbeiten  i|a  l»>(.  ><wt.  in  WUrtlnirg,  1878,  ().  147- 


racrrABUi  gkowth. 


■ueoMfMnjIng  tgan  ibows  u  nay  nrtbod  of  d 
dill  moife  orgOTemli^  Um  <Um-tton  of  growing  r 


urn-).  T1ii>n»«lri>|iUiii.  Alt  iniKlit  l>e  i':t|H'('K'<)  I'miii  what  liiis 
lii'(-ii  uHliI  ii'uriiillri(i  lilt'  IciiMiiiiis  of  tisanes  uiid  tliP  Titoilit^  nilli 
wlili'li  tlii'lr  [■iiliiiioc  in  (liHtiirlNHl,  tin-  pffett  i>r  warmtb  in  (rovorii- 
Imk  Ilm  illii'itUin  urn  ^rowiii){  organ  must  lie  ciin aide rable.  C'ni- 
vittiiivH  (li>|ii'riilfiit  ii|)uti  t4.'iuiwi-atiirG  hix'  i-.iIIci1  t/irrmolrtyfic. 

KKIA.  AMUtnptlon  of  dpBoltti  form  (luring  groivtii  <k-|K'iiils,  or 
«iiir«f.  fhit'tl.v  "iwi  inhi'Htpd  u-mlpncii-s ;  but  tbere  bavi-  licen 
t'<i|ii-Hrii«<ntii  nliU-h  show  that  to  n  sliglit  pxt^-nt  it  mnj  be  pos- 
■  lliln  li\  external  infliipnccs  lo  induce  s|>ecial  shaiies  of  growing 
■ti'iii'turt<«i.  AiniHi}!  the  most  intorfsting  of  Uicsc  are  the  esiwri- 
Idfiitu  hv  tTcffiT '  iiimri  thn  grontli  of  bilateral  <)rgaus  in  bohw 
i»r  till-  lower  plants,  es(>edally  Mai-chantla :  by  De  VrieB  *  dpon 


riu    lit     Rnxliafi 


ArMtm  .!■»  U.t.  Iii^rt.  in  WUntKirx,  1»71.  |>.  77. 
Artwilrti  iln  Iwl.  tnii.  in  WnrTbiirjj,  1871  p.  a«S. 

bdM  by  iBotatnn  during  thrl'  >lnn(ii     TW  *^ 
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bilatL'ral  syiiiiuetry :  b_v  Vochting '  upon  the  modification  or 
Toiiar  and  axial  or^aua. 

1U34.  The  amount  of  forw  nliich  is  exerted  by  (.-crtatn  organs 
during  tlieir  growth  has  been  accurately  measured  for  onlj'  a  few 
rn»es.  Thus  Dai'wlii  '  fouud  lliat  the  trausverec  growth  of  the 
radicle  of  a  germinatiug  beau  was  able  to  didplace  a  weight  of 
1  ,hW  gi-ains,  or  It  lbs.  4  oz..  and  iu  another  iii!<tance,  ft  lbs.  8  oz. 
"  With  these  facts  before  iw.  there  seems  Httle  dmiculty  in  under- 
ataudiiig  how  a  radicle  penetrat«s  the  ground.  The  apex  is 
pointed,  and  is  protected  by  the  root-caji:  the  terminal  growing 
point  is  rigid,  and  iiicrc^iiscs  in  length  with  a  force  erpial,  as  far 
as  our  obser^atiouH  can  be  trusted,  to  the  pressure  of  at  least  a 
quarter  uf  a  [>ouikI,  probably  witli  a  much  greater  force  when 
prcvriitwl  fiuui  bending  to  any  side  by  the  surrounding  earth. 
Whilst  thus  increasing  in  length  it  increases  in  thickness,  push- 
ing away  the  damii  earth  on  all  sides,  witli  a  force  of  al>uvc' 
eight  pounds  in  one  case,  of  tliree  pounds  in  another  case. 
.  .  .  The  growing  part  does  not  thercfoi-c  act  like  a  nail  when 
hammered  into  a  board,  but  more  like  a  wedge  of  wood,  which, 
whilst  slowly  diiven  into  a  crericc,  coutiuually  esjiands  at  the 
same  time  bj-  the  absorption  of  water  ;  and  a  wedge  thus  acting 
will  split  even  a  mnas  of  rock." 

By  means  of  a  framework  placed  around  tlio  ft-uit  of  a  vigor- 
ous sijunsh  ke[it  under  conditions  most  favoral)le  to  its  rapid 
development,  Clark*  estimated  tlie  force  exerted  by  growth  bi 
be  about  5.000  pounds. 

l<>3.'i.  That  external  pressure  can  rotard  growth  is  well  shown 
by  the  exiH'rimenUi  of  Dc  Vries '  upon  the  fornnition  of  nuluinn 
wood  {see  page  IS^f).  By  increasing  the  external  pressure  ex- 
erted by  the  bark  he  was  able  to  diminish  the  calibre  of  the 
wood-cells  and  ducts ;  nrherens.  by  diminishing  tlie  jiresanre  (by 
making   longitudinal    incisions  int^i  the  bark)   he  was  able  to 

■  BotttiiiBchp  Zsitung,  ISSO,  p.  SS3. 

■  Tlic  Tower  of  Uuviement  in  Plants,  18SI,  )..  ~K. 

*  For  >  full  wconnt  at  this  ei|«nnieDt,  wv  KrjMirt  of  llii<  Svervtary  of  tiir 
UunFliiuwtta  Board  of  Agriculture  for  1S74. 

Tlie  gtm  fiir™  nxerW  lif  the  incmw  in  tizv  of  die  m^nin  and  ruoU  of 
wootljr  piaDla  ia  aoDUTtimw  deiuonatrated  ta  bo  extraonlinarjr  uHun>*r  bj  tb* 
iUvulupiuent  of  Mnllinga  in  i:niTieca.     Tliuit,  at   the   Hviiin  Ceni«tei7  in 
Hatinvrr,  Ifcrniaiif,  tin-  biue  at  a  trev  haa  dUlodgB-l  the  hra*7  Binim 
>lii)ii}(lr  luilt  tiHuh.     OiiR  of  tb*  stones,  whirih  mniiiitnt  ^3  X  IU  X  M  it 
hw  Imn  UHwI  upon  oup  iLde  to  the  hi>ight  of  firv  Ith'Iiph.      The  tl 
jiut  aboTc  iu  bam  from  t«n  to  fourteen  invlw 

•  noia.  1872,  p.Sn. 
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cause  a  considerable  enlargement  of  the  similar  elements.  Fur- 
ther obseiTatious  led  him  to  the  conclusion  that  the  striking 
differences  between  spring  and  autumn  wood,  upon  which  the 
annual  rings  depend,  ai-e  due  to  the  greater  pressure  which  is 
exerted  by  the  bark  in  the  latter  part  of  the  summer. 


CHAPTKK   Xllt. 

MOVEMENTS. 


r  IflSfi.    Most  of  the  movements  exbihited  bv  planlJ*  arc  nsso- 

r  cihU^d  with  growtli.      In  Uip  preeeiiiiig  chapu-r  ulUntion  lias 

beeu  called  to  some  of  these  movements,  especialiy  tbose  wliicli 
are  chnr&cterizcd  by  a  change  in  tlie  direction  of  growing 
pnrts  (Bee  GeotropiBin,  Ileliotropiem,  oto.).  In  the  present 
i-Impter  it  is  proposed  to  examine  continuous  and  recurrent 
movements,  and  indicate  to  what  extent  these  are  likewise  the 
acciimpanimcnt  of  growth. 

In  the  existing  6tnt«  of  knowledge  no  SAtiefactorv  elassificn- 
tioii  of  the  movements  of  plants  can  be  made.  The  provisional 
one  now  to  lie  followed  is  ndu|ited  only  for  convenienee. 

1087.  Locomotion,  or  movement  of  the  whole  oi;gnnism  from 
place  to  plat.'e,  can  be  ol)scr%'ed  in  some  of  the  lower  plants. 
One  of  the  moat  interesting  examples  is  furnished  by  ^ttialinm 
septicum,  which  at  certain  stages  of  its  existence  consists  of 
approximately  pure  protoplasm  in  a  nakeil  sttite.  Under  (kvor- 
able  conditions  this  naked  mass  (the  Plasmodium),  whiuh  fte- 
(piently  attains  considerable  size.  |iast«es  in  a  creeping  manner 
o»er  a  moi»l  siirfuce,  thrnstiiig  ont  proi-vssea  in  an  apparently 
inejinlar  manner,  sometimes  retracting  them,  but  mure  often 
bringing  up  to  the  advanced  pari  tlie  rest  of  the  nncvcn  mass. 

The  sensitiveness  of  this  mass  to  the  action  of  external  inQu- 
enccs  renders  it  a  suitable  object  for  the  exaniinnlion  of  the 
essential  proiwrties  of  protoplasm,  and  many  of  the  more  im- 
p<Mtnnt  facts  relative  to  its  movement  have  therefore  already 
been  given  (see  550),  It  is  im|iortant  to  notice  particularly  that 
lliero  is  a  rhythmical  pnlsntion  of  the  sap-cavities  or  vacuoles  in 
tin-  plasmo<]iiim,  dependent,  it  is  supposed,  upon  the  irregular 
nl-sorption  of  water  with  a  varying  imbibition  power.  This  spon- 
Uiiieous  pulsation  is  somewhat  affected  by  external  i-onditions  i 
for  instance,  it  is  increaNcd  in  rate  by  heat  and  diminished  bv 
,-old. 

1 038.  Portions  of  pratoplasinic  matter  concerned  in  the  repro- 
.luctloii  of  mauy  of  the  lower  plants,  especially  those  which 


i 
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live  wliolly  in  the  water,  as  tbc  algir,  have  tlic  ivower  of  iDcle- 
ixiiidoiit  locomotiou.  This  ia  exhibit*^  strikingly  in  Iht'  motile 
spores,  whifli  are  proviikd  with  cilia,  and  can  tLereby  propel 
themselves  from  plaee  t«  place  with  considerable  rapidity.  Sim- 
ilsr  independent  motion  is  shown  also  by  the  antherozoids  of 
many  of  the  lower  and  even  some  of  the  higlici'  crjptogams. 

The  protoplasmic'  movement  by  which  sueli  locomotion  is 
secnred  is  essentially  identical  with  uertain  ciliar}'  movements 
observed  in  the  animal  kingdom. 

1039.  It  is  a  familiar  fact  that  some  minute  ulgu^,  fiiruishcd 
either  witli  walls  of  celhilose  (Desmids)  or  cellulose  impregnated 
with  silicic  acid  (Diatoms),  [xissess  the  power  of  motion,  lull 
the  canite  is  not  well  understood.  In  the  L-ase  of  the  skiir-slm|)e<l 
diatom  the  motion  is  somewhat  spasmodic,  and  the  course  of 
the  organism  through  the  water  is  not  in  a  straight  line,  but  it 
is  nevertbelesa  enabled  to  traverse  a  considerable  distance  in  a 
short  time.  Owing  to  the  absence  of  any  distinct  cilia.  U  i» 
difflciilt  to  conceive  the  mechanism  of  propnlsiou.  Accoiiling  to 
Max  ISchultze  there  is  a  minute  slit  on 
ihe  under  side  of  tlie  motile  diatoms,  and 
tliroiigh  this  slit  a  delicaU<  Sim  of  pmto- 
plasniic  matter  projects.  By  <.'ontact  of 
lliis  motile  Dim  with  surrounding  objects, 
the  diatom,  as  it  is  supiwrted  in  the 
water,  is  transiwrtcd  from  place  to  place. 
These  tliree  t.'ases  of  locomotion,  name* 
1y.  of  (1)  naked  protoplasm,  (2)  orc-iliuted 
structures,  (3)  of  apparently  closed  cells, 
do  not  exhaust  the  list  of  instances  of 
motion  of  vegetable  otganisms  fVom  place 
to  (ilace :  otiicr  coses  are  referred  to  the 
succeeding  volume  iiiKm  the  lower  jilanta. 
1040.  The  moTement  of  protoiilasm  wlO* 
ill  c«ll-walh  has  already  Iwen  sufllciently 
I'XHmined  (see  .^46):  but  attention  should 
uow  Iw  called  to  the  fact  that  chlorophyll 
irraimles  (which  are  always  embedded  in 
the  protoplasmic  mass)  frequently  assume 
at  night,  or  when  a  portion  of  the  leaf  is 
darkened,  (positions  different  from  those 
which  they  have  during  strong  exposui-e  to  light.     This  change 
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of  position  is  well  ob!»erved  in  the  tbUi  leaves  of  some  mosses,  ttie 
grains  geoerally  ( 1 )  gathering  on  tlie  side  wnJis  under  bright  light, 
but  ('i)  oceii|)viiig  the  upper  and  lower  facs^s  of  tlie  cells  when 
the  inlensitj'  of  the  light  is  much  diuiiiiished.  The  Hrst  nxxle 
of  ariangemeiit  is  tiTined  apostrophe,  the  secund  ejiislrop/i,- .' 

1041.  UjgToecopic  moTemeilhi  are  dei^rndcnt  npon  the  praperlj- 
possessed  by  dry  vegetable  tissues  of  sweliJug  more  or  less  under 
the  influence  of  moisture.  They  are  most  strikingly  exhibited  in 
the  case  of  simple  parls,  like  the  RIamentous  apiiendagcs  of  the 
sijorcs  of  Kquisetum  and  the  teeth  of  the  |)eristonie  of  oeitfiin 
mosses,  notably  that  of  Funaria  hygiwrnetrica.  They  are  also 
seen  in  tlie  long  appendages  of 
many  fruits;  for  example,  in 
the  awns  of  some  grasses,  in 
some  Oerauiaccie,  etc.,  where 
they  serve  tlie  tiscAil  purpose  of 
fastening  the  IVuit  with  its  en- 
closed Bfcd  in  favoral)le  soil. 
When  tlie  fruit  falls  upon  moist 
soil,  it  at  Ural  lies  flat:  later, 
the  extremity  of  the  appcmlage 
and  the  tip  of  the  D-uit  form 
llxed  |H)ints  in  the  ground ;  and 
then,  as  moisture  Is  absorbed 
liy  the  dry  tissue,  a  spiral  curva- 
ture tlirougliout  the  wliule  takes 
place.  This  continnes  to  twist 
the  tip  of  the  fruit  down  into 
the  soil,  much  ufter  the  fashion 
Df  a  corksfrew.  This  kind  of  n)ov*ement  is  most  surprisingly 
shiiwn  in  some  uC  the  grasses  of  Soutli  America,  and  in  our 
native  Stt{>a. 

In  not  a  few  instances  the  whole  plant  becomes  relatively  dri . 
rolling  up  into  a  roundish  riinss  which  becomes  expumltMl  agiiin 
upon  access  of  water.    Good  examples  of  such  action  are  utTortUil 


■  lu  wilD"  nxm  tlir  ■gftrrgHtiun  of  the  rhloropliyll  graiiules  iliflVra  mnni-whiit 
from  that  U>-«ribi»i  in  the  l»xt.  For  a  dUoanion  of  tJiif  iii^vrt.  ronoult 
Fniiik  (B«Uui«liB  Zntang,  1871,  «ini  EMiifpihrim's  J.brbiichrt,  riii.,  1872), 
olsoSuiii  (iloWniwrhcZfituTig,  ISSO).  ftitobs  rnHiKiii,  iml  FaniiiiUtii  hiro 
uoiitrilniteil  much  to  tli*>  iliam«ion- 

Fio.  ITS.    Cn^MaUfln  Uirmuth  ifar  ImF  of  Lnnnu 


the  oliliv'.phyll  n 


w  night.    (SUkbL) 
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Iiy  the  »o-caI](>iI  Res urrui! lion  pUnl  of  Calirornia  f  Selaginella  lepi- 
doptiylla).aiiii  hv  the  Orit-ntal  plant  known  ns  (lie  Rose  of  Jerit-bo. 
The  latter  plnnt.  when  drj'  and  Hliruiiken  into  small  eoinpasn. 
takes  the  slm|K'  of  an  irregnlar  hull,  liceomes  detached  from  llie 
ground  wbcro  it  has  grrjwn.  and  mav  he  Mown  about  over  gn-at 
dUtancvB  ;  if  it  hns  ii|>e  sc^ls,  thesi-  are  Sfnttered  during  transit, 

1042.  MoTMBesta  4ne  to  ekuigwi  In  stmctttFe  during  lipenlnK 
of  n^itH.  The  fruit  of  the  comniun  Imjialiens.  or  Tonch-me- 
nut.  alfonls  u  familiar  instaut-e  of  the  uovein^nls  of  this  class. 
As  it  approaches  maturity,  the  valves  of  the  capsule  become 
tt'Hse.  voub  one,  so  to  speak,  holding  tlie  others  in  place;  and 
wlien  they  are  disturbed  by  even  a  slight  loueh  they  separate 
violentl.v.  and  by  their  spring  throw  the  seeds  to  cousiiletahlc 
distunecs.  In  some  eases  the  Dieebaiiisni  is  more  einborate, 
notably  in  the  cue ti miter-like  fruit  of  Momordica  Elateriuui.  lo 
this  the  separation  of  the  fi-uit-stalk  permits  a  sudden  shrinking 
of  tl)e  wbole  |»cricarp  and  a  violent  escape  of  the  setMls  with  a 
viscid  liquid  through  the  opening  made  by  the  separation.  The 
seeds  are  proJecte«l  considerable  distances  IVoin  the  fruit 

Ilildcbrand  '  distinguishes  t>ctwecn  (1)  dry  explosive  fmits 
(such  as  Violet,  Witcb-Ilnzel.  and  Lupinus  hiteus),  and  (3) 
ftenhy  expliwive  frnits  (such  na  Impatieiis,  Monionlica,  and 
Cardaraine  hirsiita). 

1043.  RerolriDB  Moreinents,  or  Clrfumnnlalloti.  The  tips  of  all 
young  growing  parl«  of  tlic  higher  plants,  an  well  as  the  ti|is  of 
many  of  the  lower,  revolve  through  some  orbit,  cither  a  eircie  or 
some  form  of  the  elli]>sc.  the  latter  sometimes  being  so  narrow 
that  it  l)eeomes  praeUeally  a  straight  line.  During  its  revo- 
lution a  dp  bows  or  nods  successively  to  all  jwinta  of  the 
eom|ia.ts ;  whence  the  uame  mitntion.  or,  as  termed  by  Sachs, 
revolving  nutation.  Darwin,  who  re-esamined  Ibe  whole  subject, 
bus  suggestiHl  a  more  general  term,  namely,  circttmnutation, 

"Circumniiintion  de[)eiid8  on  one  side  of  an  organ  growing 
quickest  (probably  preceded  by  increased  turgeaeenw) ,  anil 
then  another  side,  generally  almost  the  op{K>site  one.  growing 
quickest."  * 

1044.  Owing  to  the  fact  ttiat  there  arc  numerous  instanece  in 
which  the  revolving  movements  are  variously  modified,  that  is, 
"  a  movement  alrcadj'  in  prf^riiss  ia  temporarily  increased  in 
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Mine  one  direction  and  temporarily  diminisheil  or  niresttKl  iu 
other  diructions,"  it  has  been  round  convenient  to  discriminate 
between  circumnutation  and  modified  cmiini nutation.  Darwin 
divides  the  latl«r  into  two  classes  of  movements:  (1)  those 
dependent  on  innate  or  constitutional  causes,  and  independent 
of  external  conditions,  except  that  the  proper  ones  for  growth 
must  be  present;  (2)  those  in  which  the  modification  depemls 
to  a  large  extent  on  external  agencies,  such  as  the  daily  alter- 
nations of  light  and  darkness,  light  alone,  temjterature,  or  the 
action  of  graWty.  It  is  plain  that  such  a  division  cannot  bo  ab- 
solute ;  ill  fact,  numerous  intf'rniciliato  cases  aiv  known  lo  exist. 


lO-lo.  Methods  «r  obserratlon  of  rlrcamnntalloD.  Kor  i 
uring  the  rate  imd  determining  the  exact  direction  of  the  n 
ments  of  eircnmnutating  paits  when  the  parts  are  small  and 
the  movements  slight,  the  following  methods  descril>ed  by  Dar- 
win '  can  be  em|iloyed  in  nearly  all  cases  where  it  is  necessarj' 
to  mogniO'  the  amount  of  displacement. 


Tia.  ITT     Ant 


tvinaaaU  nn  untiwl  ilmpplnc  nf  ihr  loaf,  anil  th«  wm  lliw  r?|i'Mn1il>  A  it 
'Irpanilent  imltlun.    Each  mcUlaUon  nuniiMa  of  •  (ndail  il«i  lUbiwa]  b;  k 
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A  Tcrt'  plend^r  (^lament  of  glass,  made  by  diawing  out  a  thin 
gloss  Uibe  until  it  is  no  luj-gcr  ttiRii  a  hair,  is  to  be  aftlxed  to  the 
tip  of  tho  root,  stem,  or  leaf  iiudcr  observatiou ;  this  b  easily 
done  by  means  of  a  quickly  drying  vainish,  for  instance  sbellae 
dissolved  in  alcubol.  In  order  to  mark  tbe  path  made  by  tliv 
tllamtiit  it  is  i>est  to  coment  to  the  lip  of  the  slender  hair  ot 
•;ljiBa  a  very  miuale  head  of  blnck  soaliug-wax,  "  behind  whii-h 
It  bit  of  card  with  a  black  dot  is  fixed  to  a  stick  driven  into  the 
ground.  Tho  bead  and  the  dot  on  the  card  arc  i-iewed  throiigli 
the  horizontal  or  vertical  glass  plate  (accoiding  to  the  positiuii  of 
the  object),  and  when  one  exactly  (.-overs  the  other,  a  dot  is  made 
on  the  glass  plate  with  a  sharply  pointed  stick  (Iip(>ei:l  in  thick  In- 
dia ink.  Other  dots 
are  made  at  short 
iiiten-als  of  time, 
and  Ihcae  afterwards 
joined  by  sti-aigbt 
lines.  The  figures 
thus  traced  are  ou- 
gutar  :  but  if  Uio 
dots  arc  made  every 
inie  or  two  iniDutes 
llie  Hues  are  more 
curvilinear,  as  oc- 
curs whi!ii  radicles 
are  allowed  to  trace 
their  own  course  oa 
smukeil  glass  plates" 
"  Whenever  a 
'  great  increase  of  the 
movement  is  not  re- 
quired, another  and  in  some  respccU  a  better  method  of  obser- 
vation is  followed.  This  consists  in  fixing  two  minute  triangles 
iif  thin  paper,  about  one  twentieth  of  au  incli  in  height,  to  the 
two  ends  of  the  attached  glass  filament;  and  when  their  tips  arc 
bi-onght  into  a  line  so  that  they  covei'  one  another,  dots  are  made 
as  before  on  the  glass  plate."  ' 


>  It  ia  veT 
IS  glnsi  wiw 
dp  «  any  gi\ 


convpnient  to  cinploy  laqfi'  MWjim,  or  JietniBliliericMl  glaisM, 
t,  npon  wliicli  to  rotnni  the  ilots  inriicaling  tliB  [■osllioo  of  the 
■tt  niompnt.    It  must  !»■  reineniUreil  that  in  nU  thcsB  I'awa  than 
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104K.  ClrraautatlMilHtMdltac*.  That  |MUt  oT  llw  txis  wUcfa 
b  beloK  iImt  mil l«<ioiw  is  made  apoCa  radinKntsrj^  Mmk  kw)«li 
a.s  tile  fymlieU  i)r  hypoeotyi.  sod  »  rwliiiKDtan'  roat  or  rmitk!t 
pro|>er.  Tin-  \mn  of  Ibe  ruang  alrailet  above  ihe  colyledows  »• 
teniMKi  Uk  epieoitfL  In  tbe  ratrledoDs  of  tbr  pUntlet,  wIm-u 
IV.ihI  tttm  ibe  eccd-<iMilJS.  and  iu  alt  iwrts  ot  ibc  j^Ming  axis. 
aliglit  tuovrmpote  can  W  otieerrct).  In  all  olKervatioiM  it  U 
DeceaMUT  to  rvmorc  tJie  [ilaotlet  m  far  as  |<ossil<k-  fnjui  dtstnrb- 
iiig  uNKiittoBS :  tlins,  all  l^t  mast  Im;  cxdadcd  notil  the  nmnwDt 
of  making  the  obaerration.  vfaen  only  a  (aiiit  liglit  sbouM  hr 
entfdovnl. 

KMT.  Two  fkcte  arr  casilv  nppaivnt  witli  ivgard  to  the  revolv- 
ing nidicU:  (1 )  ltd  extrviue  sensitivi-noss  to  tnnlM-t :  (2)  its  ten- 
clene>'  to  jii-ld  lo  ^■ntrupiso)  (see  1026). 

104M.  Tbp  (ww/if/f,  U|ion  rn»crging  froiu  the  swd-roats,  is 
oft«H  more  or  Ies«  an-bi^t :  but  it  may  twi-ome  straight  nlWra 
fthun  tiiui>,  wlu-n  tl  i-an  tic  scfD  lo  jinss  iltrotigb  an  Hliptita]  orhit 
liy  wbich  the  ))Uno  of  the  co^kdons  is  scHnewhat  inclinctl  siic^ 
CMsivelv  to  all  poinl^  of  the  compass.  Darwin  lias  shown  tbat 
even  Iwforc  tlie  lilicnitton  of  tlw-  catiliete  fKnn  the  serd-i-onts.  when 
Iwth  columns  of  the  anh  are  held  in  the  soil,  tlie  top  of  tlie  ardi 
miivi^  will)  ronsideraMr  rrgulnrity.  It  is  difficult  to  nnderBUu<l 
bow  tlie  sitinmit  of  the  arch  formed  by  the  cun-eil  caulicle  can 
revolve  when  Uith  of  iu  sii)i|Hirting  columns  are  8XWI  in  the  soil. 
Darwin  has  acrrpttil  an  oxpl.nnntion  suggested  by  Wiesner. 
whifh  is  briefly  as  follows:  In  a  given  int^mode  (it  mutit  Im* 
remembei'ed  that  the  ranlii-le  represents  the  first  inlenHxIo  of 
the  wedling,  as  shown  in  Volume  I.  i>age  9)  tliere  may  be  a  soni- 
ill  whii'li  tlie  gTDWtli  in  equal  un  all  sides,  nnil  wlii<-li  may  tie 
termed  the  xotie  of  iutlilfereiil  gruwtli.  while  on  eaeh  side  of  tliis 
tlii-ro  umy  Iw  two  otiu-rs  in  which  there  is  unecjnal  growth  at 
itilenals  of  lime.  Then  l>y  the  faster  growth  on  one  side  uf  the 
arch  the  suiutnit  would  Iw  thrown  to  one  side,  and  this  jirowaa 


ii  mote  or  lou  dimtortiim  jindarad  bj  the  hrat  luflbnU iif  pn^fcUon,  m)  in 
■II  ■™urtt»>  obwrrDllniu  thi<  inort  he  takrn  into  m^Mniit. 

WbBD  Kvillin^  am  iiivrrlr'I  ira  that  the  kUu  <i1iinu-ut  ii  IifM  uiiwanl*,  ll 
mun  hr  imlinl  Uist  ihr  inttilrnn'  uf  gnvitatioti  niutt  i-onie  ill  a*  •  oiiMlltyiD| 
vl'inmL  To  [■urk  tlio  aiDfRint  nf  inllui'uoe  elFrtnl  bjr  {[nviutioti,  il  in  «>ll 
to  Tu-y  thn  IvtiKlh  aiid  wcifjht  of  tlir  lilntiH-iit  pnitil'-.Txd.  But  It  miul  ■»  oti- 
Mrinl  thnt  ibn  wrlf(hl  of  Uir  or}[>ii  itself  It  tbr  nioit  importanl  tlrnncnl  In  (1># 
pmlUiii.  Mi>tn>T<T,  it  hu  \mn>  ubw-nrnl  thit  all  ymiuK  gmw\ng  ptttm,  npn. 
nially  Ibf  iMtrFniitf  of  thp  radiclr,  •i»  mom  or  Um  wnniHri- ;  anil  lirnw  th« 
C'rnnc  oTtht  fUaamil  maj  U-  wMMwIut  nitxlillnJ  if  orm  slight  contact. 
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wimld  Btwiior  or  lat#r  be  Buccoodvd  l)j'  its  reversal ;  and  llius  the 
BiiniDiit  would  be  made  to  circumDUtale. 

1U4S).  Darwin's '  il lustration  of  lb«  innvoments  of  tlii'  parls  of 
sce<lling6  gives  a  clear  idea  of  tlieir  sctinonce.  •'  A  mnn  tlirawn 
down  on  bU  lian<U  and  knoee  and  at  the  same  time  to  one  side 
by  a  load  of  liny  falling  on  him,  wonld  first  endeavor  to  get  his 
ardiiid  back  iiprigbt,  wriggling;  at  the  same  time  in  all  clin'<.-tions 
to  free  himaelf  a  little  from  the  surrounding  pressure ;  and  this 
may  represent  the  combined  eHects  of  apogeotropism  and  cii'- 
ciimnntation  wht^n  a  seed  is  so  bnritd  that  tht?  aicheil  hypooolyl 
or  epiwitjl  prolrn<If8  al  first  in  a  horizontal  or  inclinL'd  plane. 
The  man,  stUl  wriggling,  would  thi'n  r&ise  bis  urt^hei]  hock  as 
high  as  he  could :  and  tJiis  may  reprvsent  the  growth  and  cod- 
timiLKl  L'ireiimnutatiDn  of  an  artht-d  hyixwot^l  or  ei)ii'otyl  before 
it  has  rfachcd  the  surface  of  ihe  ground.  As  soon  as  the  man 
fL'lt  himself  at  all  frte.  he  would  raise  the  upper  pai-t  of  his  body, 
whilst  still  on  his  knees  and  still  wriggling;  and  this  ina^  ivpre- 
sent  the  Ixiwing  litiL-kwards  of  the  basal  leg  of  the  arch,  which  in 
most  cases  aids  in  the  witlidrawal  of  the  cotyledons  fi-oni  the 
buried  and  ruj>tured  sccd-coate.  and  the  subsequent  straight- 
ening of  the  whole  bypocotyl  or  epicotyl,  etreumuutation  still 
eontiiming." 

1060.  The  cotyledon*  not  only  share  the  movement  of  the 
caulicle,  but  tbey  have  also  nn  independent  movement  which 
is  greatly  modified  hy  slight  (.-lianges  in  tlie  surroundings.  Freud 
fmin  their  seed-coats,  they  move  upwards  and  downwanls  in  verj- 
naiTow  ellipses,  and  at  ditlbrent  rates  in  different  plants.  Gen- 
erally their  movement  taki-s  place  only  once  in  the  course  of  the 
twenty-four  houre :  in  Cassia  tora.  on  an  average,  once  in  alioat 
two  hours  ;  in  Oxalis  rosea,  onee  in  about  three  hours  ;  while  in 
I]iom<ra  ccrnilea  Darwin  observed  the  change  of  position  to  ottcur 
almost  hourly.  It  is  noticeable  that  the  cotyleilons  may  change 
the  direction  of  their  movement  slightly  at  different  times  of  the 
day,  and  may  thus  have  a  zigzag  course  during  n  [lart  of  the  day 
nn<I  n  nearly  regular  orbit  during  the  rest. 

lO.'il.  In  some  of  the  seedlings  which  have  been  examined  with 
csjteciat  reference  to  Ibcir  movements  there  is  a  joint  or  swelling 
to  be  detected  at  tbo  base  of  the  |)etiolc.  This  is  the  equivalent 
of  tlie  putvinua  commonly  found  in  Sensitive  plants ;  changes  in 
the  position  of  cotyledons  provided  with  such  joints  depend,  as 
in  the  cose  of  sensitive  leavca,  upon  variations  in  the  turgesceneti 
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of  the  cells  composing  it,  wtiile  ohaoges  in  tbe  iwHitiou  of  cotj 
doDS  devoid  of  tbtm  are  due  to  unequal  giunth. 

1052.  ('Ircmniiiitatlon  of  the  jtmiiK  puis  of  rnktnre  plftots.  By  ' 
methods  similar  to  lliose  described  in  1045,  it  i-aii  bv  ehonn  thai 
the  growing  exlieinitieB  of  stems,  branches,  leaves,  and  tlieir 
uumerous  modifications  jxissess  Uic  power  of  movement;  in 
sume  instances  exhibiting  essentially  the  same  phenomena  as 
those  presented  by  tbe  parts  of  the  seedling,  while  in  other  t-asee 
tliej*  show  ditferences  at  au  early  stage.  The  most  striking  of 
these  ditfei-encca  is  that  observed  in  twining  stems.  In  this  case 
there  is  a  greatly  increased  amplitude  of  the  orbit  tlii-ough  which 
the  tip  of  tbe  stem  passes.     Althotigh  only  a  special  case  under 

a  general  class,  twining  stems  may  well  receive  a  somewhat 
detailed  description. 

1053,  Twiners  are  distinguished  from  proper  climbers  by  the  | 
absence  of  any  special  organs,  other  than  the  stem  itself,  for  ] 

grasping       sup-  ' 
ports ;    climbers 
being    provided 
with    some   sort.  ' 
of    tendnls,     or 
Other  help,  by  which  the  plant  la  held  to  its  sur- 
roundings.   Taking  the  simplest  eases  of  twiners, 
such  as  that  of  the  common  RIorning  Glory,  it  is    1 
to  be  oltsened  that  (1)  the  revolving  movement 
begins  at  the  earlieM  moment;  (2)  only  a  few   ' 
young  intcraodes  are  concerned  in  tbe  revolving; 
(3)   the  revolviug  stem   cannot  twine  around  a 
smooth  support  (for  example,  a  glass  rod),  but 
requires  in  the  support  some  degree  of  rough- 
ness :   (4)  there  is  a  limit  of  size  to  the  support, 
difftrent  for  different  twiners.  Ijeyond  which  it  1 
cannot  bo  grasped  by  the  n-volving  stem;   (3)   ( 
th>.'  dircf^tion  of  the  revolution  is  not  the  same  for  nil  twiners; 
(6)  the  rate  differs  with  the  plant  and  with  the  eurroundings. 

10.14.  In  the  early  etal^  of  a  twining  plant  the  movements  are  I 
in  narrow  ellipses  ;  but  with  even  a  slight  increase  in  size  of  the  J 
seedling,  the  transverse  axis  of  the  ellipse  becomes  greater,  and  1 
soon  the  orbit  is  practically  a  circle. 

lO.W.    The  numl)er  of  interno<lc9  concemcfl  in  the  twining 
movement  is  usually  not  more  than  three  or  four,  and  sometimes 
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only  iwo  are  hivolfod.  The  iuUrnodes  below  tiie  scat  of  movu- 
tueiit  are  rigid.  The  revolving  is  associated  with  growth,  but 
the  growth  alone  ia  probably  not  the  sole  cause  or  the  move- 
ment. 

1056.  It  is  only  the  young  infernodes  which  are  capable  of 
9|)ontaueous  movement ;  ttut  growth  ilsell',  imsssociated  with 
c-liangee  in  tlie  turgescunce  of  the  tissues  u|>on  the  dilfei'ent  aides, 
would  not  Ik  sufficient  to  itccount  for  the  movement.  It  must 
be  remembereil  that  the  young  stem  [kmmcsscs  remarkable  ten- 
sions, which  are  easily  dislnrl>ot)  by  slight  internal  as  well  as 
external  causes.  The  incivased  tnrgcsceiicc  of  its  cells  ujion  one 
ai<le,  or  tlieir  diminished  lurgesccncc  on  the  other,  or  the  aclion 
of  both  eoiyointly,  followed  aa  this  is  hj-  an  intTeased  growlli  of 
the  tui^eacent  part,  would  [ii-uducc  sullicicuL  change  in  the  uur- 
vnture  of  the  stem  to  bring  about  the  twiuing  movement. 

lUi'i".  When  a  twining  stem  comes  in  contact  with  a  smooth 
support,  it  genei-ally  slides  up  the  supiKu-t.  but  fails  to  grasp  it. 
The  eheek  which  is  given  by  a  smooth  support  sometimes  brings 
abont  a  change  of  position  in  the  revolving  stem,  which  is  thus 
described  by  Darwin:  "When  a  tall  slick  was  so  placed  as  to 
arrest  the  lower  and  rigid  internodes  uf  Ceropcgia.  at  the  dis- 
tance at  first  of  Bfteen  and  then  of  twenty-one  inches  IVom  the 
centre  of  revolution,  the  straight  shoot  slowly  and  gradually  slid 
Up  the  stick,  so  as  to  Itecome  more  and  more  highly  itidined, 
but  did  not  pass  over  the  summit.  Then  after  an  interval  suffi- 
cient to  liuve  allowed  of  a  semi- re  volution,  the  shoot  suddenly 
bounded  fh)m  the  stick,  and  fell  over  to  the  opi>osite  side  or 
|K)int  of  the  com}>ass.  and  reassumed  its  pivvions  slight  inclina- 
tion. It  now  recommenced  revolving  In  its  usual  course,  so  tltat 
alYer  a  semi-revolution  it  again  came  in  contact  with  the  stick, 
again  slid  up  it,  and  again  bounded  from  it  and  fell  over  to  the 
oppiisitc  side.  This  movement  of  the  shoot  had  a  very  odd  ap- 
jwarancc,  as  if  it  were  disgusl«d  with  its  failure,  but  was  resolved 
to  try  again." ' 

1058.  Mnny  of  the  common  twinere  of  temi>erate  climatea  are 
able  to  twine  round  very  slender  supports,  for  instance  a  small 
cord,  but  are  unable  lo  twine  round  u  post  or  trunk  of  a  tree. 
This  does  not.  however,  apiwar  to  be  wholly  dependent  ui>on  tic 
nmplilitde  of  the  revolution.  In  tropical  regions  some  of  the 
twiners  nscend  trunks  of  Immense  size,  but  they  are  generally 
assisted  by  adventitious  roots,  etc. 


>  Climbing  Pluits,  1675,  p.  21. 
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1059.  Any  givi'ii  twinpr  gcnoralh'  twiiu-s  in  orK-  direction 
only  ;  for  inslniiit:,  the  ho))  movies  iu  itii;  ilirwrliiin  or  tlie  hands 
of  a  watcli,  or  to  nae  anotbi-r  rxprvssion,  follows  ibv  snn  ;  the 
Moi-tilng  Glory  moves  in  an  o|)|K«it«  direction.  But  there  are 
some  cases  in  which  the  dirvctiou  of  twining  is  reversed  even 
during  a  com |ki rati vely  abort  distance.  In  the  troi>ics  this 
reversal  is  said  to  be  conmiim.' 

1060.  The  tJmc  requii-ed  foi'  the  rcvolulion  of  a  twiner  vaiies 
in  different  plants,  and  is  by  no  means  constant  for  the  ttauie 
plant  at  different  stages  of  its  development.  In  the  case  of  the 
Morning  Glory,  the  average  time  required  for  the  revolution  of 
a  thrifty  shoot  under  favorable  conditions  is  about  three  hours. 

1061.  Twiners  ai-e  affected  somewhat  by  the  amount  of  light 
received,  hut  tlie  revolving  gocB  en  uninterruptedly  night  and 
d:iy.  The  increase  of  rat*.-  when  a  revolving  shoot  is  approach- 
ing a  window  may  Ite  equal  to  a  tenth,  or  somewhat  more,  of  the 
whole  period  of  the  revohition.  Such  acceleration  is  verj^  differ- 
ent fur  different  plunl-^, 

1062.  HetUflMl  clrrunmatalloti.  The  effect  of  the  influence  of 
light  in  increasing  the  rate  of  movement  in  a  twiner  is  a  good 
example  of  a  large  class  of  minliQed  movements.  These  move- 
ments have  already  been  considered  in  tlie  chapter  on  "Growth." 
under  the  terms  Ueliotropism,  Geotrnpism,  etc..  but  must  Ite 
again  referretl  to  in  connection  with  the  uni\'ersal  movement, 
eiruuni nutation.  When  it  is  desirable  lo  free  any  L-ircuiiinu- 
tatiug  part  from  tlic  influence  of  a  disturbing  factor,  for  instance 
light,  great  care  must  be  taken  to  avoid  subjecting  it  to  abuur- 
mid  conditions  such  as  result  wbeu  a  seedling  is  kept  iu  the 
dark  in  order  Iu  free  it  fW>m  the  influence  of  light  on  its 
niovemenls.  When  so  kept  it  undei^oes  changes  of  form  with 
its  blanching,  and  tlierefore  little  security  is  felt  that  all  its 
l)eha\-ior  is  normal.  In  the  iustance  of  green  phints  which 
demand  light  for  tlieir  healthy  activity  the  removal  of  ilisturbing 
factors  is  a  task  of  considerable  dilliculty. 

A  part  of  the  ditUcnlty  is  removed  by  ttio  use  of  some  instru- 
ment b,v  which  the  plants  can  be  made  to  revolve  slowl.v  in  a 
given  [dane.  thus  cx|)osiug  the  different  sides  successively  to 
liie  action  of  the  force.    A  simple  form  of  this  appliance  ia 


I  Hbcxit  whii'li  lind  MccaUpit  a 


1  by  Dnmtiii  ■■  uying,  tliil  lliF  dpiii  nt  thivIIlN 
u  Heht  iir  from  right  to  Irft ;  adcI  that  he  ontv 


t  Hv«  inched  in  iliuovtur  n 
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known  Hs  the  rlinonliil.  Il  (Miisists  nX  a  Hotk-work  which  cur- 
ries a  disc  oil  which  can  Ix-  placi'tl  growing  plnnU :  by  tlie  revo- 
lution or  tliis  borizontal  disc  all  parts  aiv  in  Uini  given  tb«  same 
amiiUDt  of  iMntninalion.  IT  tlie  cluck-work  is  so  arrnngeil  as  to 
rotate  a  borizontal  aliafl  to  which  a  growing  plant  can  Ix'  afilxct]. 
any  oiii.-  part  of  the  plant  will  be  es|>osi'(l  to  tlie  influence  of 
gravitation  in  precisely  the  same  manner  and  to  the  same  extent 
as  all  otiicr  parts. 

When  cii-ciimnutatioD  is  plainly  inotlificd  by  unequal  grcwlli. 
strikiug  disturbaDces  are  produced  whidi  have  received  much 


investigation.  Among  these  cases  are  the  changes  of  i>oeition 
which  many  peduncles  undergo  during  the  development  of  tlow- 
eitt  and  fruits.  Although  the  extremity  of  the  flowci'-stalk  passes 
through  its  definite  orbit,  it  is  in  sumt?  instances  so  nHected  by 
the  greater  gi-owth  of  the  upper  side  a«  to  curve  ilowiiwands, 
while  n  similar  excessive  growth  on  the  nnder  side  will  producv 
an  upward  curvature.  De  V'ries,  who  has  given  much  attenliwi 
to  these  phenomena,  has  coined  the  ailjectives  epinattic,  denotiog 
curvature  from  growth  on  the  upper  side,  and  hi/pon'istic,  that 
from  gmwtli  on  the  under  side  of  an  extending  oi-gan. 
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I0<J>1.  The  tiiii|ilu  revolving  iiitivi^meut  is  not  L-ODniit;d  lu  stciiiH, 
liui  itt  ubaervL'd  in  some  UKxIilicd  brauulies  itnil  leavus,  lui*  ux- 
arn|jle  in  L-eilain  teu- 
ili'ils,  etc. 

iiiHtani'i!  will  serve  U> 
sliow  the  reniurkabli! 
nntitro  of  the 
lueut  in  tbc  eaue  of 
Ilie  tendrils  of  Eulii- 
nooystis  lubata,  as  de- 
scrilioil  by  Darwin:' 
**  Tbesc    are    usually 

intlineil  at  about  45"  _ 

above  the  horizon,  but 

tliev  siilfeii  and  straighten  themsE'lves  bo  as  to  latand  npright  in 
a  part  of  their  dn-ulnr  course  ;  nauicly,  when  they  aiJ|ironeU  and 
have  to  pass  over  the  ttummil  of  tlie  shoot  from  whieli  they  arise. 
If  tliey  had  not  possessed  nnd  exorcised  this  i-uiioiis  |K)wi'r,  they 
would  ioJallitily  have  etruek  against  the  snuiinit  of  the  shoot  and 
been  arrested  in  their  eoui'se.  As  soon  as  one  of  these  tendiils 
with  its  three  branches  be- 
gins to  stiffen  itself  and  rise 
np  vertieally,  the  revolving 
motion  l)ec<>ines  more  I'apid ; 
and  as  soon  as  it  has  passed 
over  the  point  of  ditHeulty, 
"'       ,gj  "  it«    motion    eoini-iiling  with 

that  fVoni  it«  onm  weight 
causes  it  Ut  fall  into  its  previonslj  inclined  [xtsition  so  (jnickly 
tliut  the  apes  can  be  seen  travelling  like  the  hand  of  a  gigantiu 
el.K-k." 

lf)C4.  NycHtroplc.  or  sliwp,  morcmentB.  The  foliar  organs  of 
many  plants  asstnno  at  nightfall,  or  just  befoi-c.  positions  nnlikc 
tliose  which  they  have  uiainlaineil  during  tlie  day.  In  many 
cases  the  drooping  of  the  leaves  at  night  is  suggestive  of  rest, 
and  the  name  given  by  Linni»ns  lo  this  group  of  phenomena, 
namely.  "  the  sleep  of  plants."  seems  appropriate.  But  in  numer- 
ous cases  the  nocturnal  [msition  is  one  of  obvious  constraint, 
and  considerable  force  has  lo  )«  expended  in  lilting  lliv  leaf  to 


<  Power  of  Movetnent  in  riuila,  18S0,  ]i.  260. 
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the  Di-<n  ixwitiuii.     Thi'  diversity  of  iK>sitioDs  can  be  oi)[j'  iniper- 
twM\  imlii-abxl  by  tltc  aix-uuipam  ing  illustraliuus. 

Act'unliug  lu  ITc'ITfr,  tliu  slce(>-iiiuveiiieiits  of  Icavcs  and  uf 
cotyli-<lous  ilopciid  upon  inoreaaed  growth  uit  one  Milv  uf  tlic 
DK.-Uian  line  uf  the 
petiulo  aiul  luitlHb, 
ri>lluw«ti  afWr  It 
certain  interval  of 
time  by  a  i-orre- 
s|KiuJiug  gmwtb 
i>u  the  opi>o«itL< 
sUie.       TI1U8      iu 

irbich     droop     at 
iiigUt  the  depres- 
sicfii    is    produi-ed 
Iiy  ft  slightly  iii- 
d  fcruwth  on  tlir  upper  sittf.  and  tlie  rise  in  tb«  worniiig 
liriniilar  growth  on  tliv  under  side.    Bnl  tn  Ibc  most  striking 
I  thora  is  n 
fatintft  a[)|)ara-  ^^^    ^^  ^ 

tna  at  the  Itase 
oftheleaf-atalk. 
which  aeooin- 
pUiihes  the  saino 
inovenieiil  by 
simple  tiirgea- 
cunce  (if  the  op- 
posite sides. 

The  ap)Minitii8 
i-onaiats  of  iiti 
enlflrgcmen  t. 
ftirnierl  of  celhi- 
lur  tissiii'  in 
which  there  in 
(iftcn  nn  Hpim- 
fiubh'  diffprence 


hetw 


en     the 


I'haractor  of  tlie 

cell-walls  on  tlie  upper  and  nnder  side  t 

Hwelliug.  known  as  the  pulviniis,  pfimits  the  i 


la  FunnUnadurlni:  tha  dmjr  uiilal  iilgU.    (UarvtlLj 
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continuHl  long  after  tlie  movements  i 
of  suL'li  an  ii]i|mruli]s  have  (.-uast'd. 

10l>5.  The  til<«))-nH)Teiaeiib  of  cotjledons  an>  oxliotnely  diverso, 
1>nt  in  i^-ncral  uuiisist  in  an  ckvutiuu  or  Uie  lii>s,  bringiug  Uia 
iil>ji(^r  faL«8  into  proximitj',  ami  autnctjiocs  into  couUct.  U  may 
)i.i|i|)fu  alao  that  one  or  more  ut  Uie  early  leaves  develoiwcl 
from  tbe  [ilutniile  approacliiL'S  tltu  vlcvaUtl  ccitj  IimIods.  Dar- 
win hfls  iiutcd  tliat  in  fii>[tie  cases  tlif  t'otjloiluao  of  planU, 
willi  onliiiar.v  leaves  which  exhibit  Blce|)-iii(>\-euiciite,  may  not 
eliange  Iticir  jmsitiou  at  uigbt.  except  as  tlicy  du  in  simiilc 
cireuoiuulation. 


lOllfi.  The  utility  of  Ihp -leep-raoipnipnto  of  loaves  and  cotyle- 
dons ia  lieUi^v<->l  to  (stiisisL  in  |irotcction  Trotn  loo  gi-eat  radiation 
during  the  night.  Dnr«'in  lias  shown  )iy  simple  and  conelnniv'e 
es|)ciiinents  that  in  the  case  of  some  iilaiils  this  change  of  tlic 
irasitiuu  of  leav(4  at  the  ai)[iroacli  of  a  chilly  niglit  ia  a  matter 
of  life  ami  denlli. 

When  leaves  which  nattimlly  assume  nyctjtrn|iic  positions  are 
pinned  or  otherwise  kept  from  cimnaiiis  their  (Kisition.  and  Ihc 
plant  ia  ex|>o9e<]  to  a  Ii-miKTaluiv  a  little  Iwlow  freezing,  under 
a  clear  aky.  into  which  the  radiation  of  heat  innst  ro  nn  rni>idly 
ftuin  the  ni)iKT  ani-face  of  lUc  lenves.  serious  inJitiicA  result.  tli« 
leaves  becoming  browned  and  even  killiil :  wliereas,  leaves  DO 


Fin  IW.    DtnnoiIIuni  nrnna.    ^.iMflltmliuIni  IbaOiif ;  B,  lolllon  U  nlfhU 
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the  same  plant  which  arc  allowed  to  take  tlie  protective  position, 
escape. 

10G7.  Sleep-morements  of  floral  organs.  These  are,  iu  general, 
dependent,  as  Pfeffor  has  clearly  shown,  upon  the  alternate 
growth  of  the  op|K>sed  surfaces.  For  instauc*c  in  a  crocus,  the 
greater  growth  of  the  inner  surface  of  the  parts  of  the  perianth 
will  bring  al)out  an  oi)ening  of  the  tiower,  whereas  the  greater 
gi-owth  of  the  outer  surface  will  effect  a  closing. 

Pfeffer's  method  of  investigation  is  capable  of  application,  pro- 
vided one  has  a  microscope  which  admits  of  being  held  with  its 
tube  horizontal.  A  perianth  leaf  is  carefully  detached  without 
too  much  violence  from  the  flower,  and  immediately  placed  in  a 
small  tube  crontaining  water,  so  that  the  expanded  part  may  be 
brought  within  the  field  of  the  microscoi)e.  If  fine  lines  are 
measured  off  ui>on  its  inner  and  outer  surfaces  in  India  ink, 
their  gradually  increasing  distance  from  each  other  can  l)e 
watched  to  good  advantage.  It  can  then  be  clearly  seen  that 
when  the  part  curves  outward  it  is  owing  to  an  increased  growth 
upon  the  inner  surface,  and  vice  versa.  That  there  is  an  ante- 
cedent turgescence  is  very  likely,  as  has  lK»en  rej>eatedl\'  i)ointed 
out  by  De  Vries  and  others.  It  is  probable  also  that  in  a  few 
cases  the  opening  and  closing  are  due  to  a  terapomrj'  turges- 
cence unaccompanied  by  much  growth. 

Changes  in  illumination  and  in  tom|>erature  arc  sufficient  to 
effect  the  alternations  of  growth  and  of  turgescence  in  delicately- 
constituted  parts,  where  there  is  a  balanced  tension  existing 
between  the  outer  and  inner  tissues. 

10(*>8.  Times  of  o|)ening  and  closing  In  the  open  air.  Under  tlie 
ordinar\*  conditions  of  an  equable  climate  the  times  of  o|>ening 
and  closing  of  the  flowers  of  a  given  plant  do  not  vary  widelj-. 
Hence  it  is  possible  to  construct  a  floral  clock  which  shall  mark 
the  hours  with  tolerable  regularity.  The  dial  at  Upsala,  Sweden, 
suggested  by  Linna?us,  and  that  designed  for  Paris  by  De  Can- 
dolle,^  are  approximately  correct;  but  in  a  climate  having  the 
sharp  and  sudden  differences  of  heat  and  of  moisture  which 
eharactei-ize  eastern  North  America  such  floral  clocks  are  not 
successful. 


1  Tlie  following  list  frotn  Di^  CandoUe's  Physiologie  gives  the  hours  of  the 
opening  of  ccrtiin  llowci-s  in  Paris:  — 

IpoTnrea  ]mrpurea 2     A.  M. 

Calystogia  sepiuni 3-4     ** 

Matncaria  suavuolcus 4-5     " 
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The  most  su 

prising  instance  of                   ■ 

rapid  epontaiieoiis  movciueut 

U  that  which 

s  esblbited  by  tbe                 ■ 

lateral  leaflets  of  Desinodium 

1 

gjrans.     Kacli  complete  leaf 

^J 

uf  DeHmodiuiu  consists  of  a 

Int^c  tpriuinal  leaflet  and  two 

Flv^ 

^^^1 

little     lateral     leaflpls.       At 

y  u^    ^ 

V^^                 ^^^1 

uightridl  tliu  ttirniinal  IcaBcta 

ih/y^^.           ^^^1 

sink  vertieaily.  and  tlic  peti- 

VI       \  /^^           ^^^1 

oles  are  soinewbat  raised,  so 

If        \' /^^^         ^^^1 

that  the  tenuiiial  leaflets  are 

1       V 1^^ 

much  crowdeil  logellicr  upon 

w     \  /lA 

tlie  stem  (see  Kig.  18J.)    Tlio 

1       \^i 

ootjledona  do  not  have  tliis 

1    %\^    ^^B 

nyvlitropic     movemL'nt,     l>ut 

1     ^ika&  ^* 

tlie  first  true  leaf  slecjw  just 

jlVx^/v>t\ 

as  do  the  older  ones. 

fm  ^ 

Tbe  lateral  Icallela  do  not 

fall  at  night,  i.ut  at  tbe  tein- 

\^i^ 

perntnre  of  3fi  to  38="  C,  or 

\        Acfl      ^^^1 

even  aoinetrbat  liiglicr.  keep 

^\      \  /Mm     ^^^I 

up,  night  and  ilay.  an  irn^u- 

xj      \^^|     ^^^H 

lar  Jerking  movement,  wbith 

1        ^^V     ^^^1 

has    been    compared    to  the 

1          ^W        ^^^H 

ticking  of  tbe  seeond-liaud  of 

^                              I 

ft  watch  (or,  formerly,  to  the 

,„                              1 

nioveinenti  of  tbe  arms  of  a 

1 

Semapboi-e  Telegraph).     Tbe 

tip  of  the  moving  leaflet  passes 

P«[i.r«r  nuUicsule  auJ  most  Cicliorincf*  .     . 

.5       A.  M. 

CouvolTulua  tricolor     .     . 

.    s-«    ■ 

CuDTolTllIn*  licBllU        .        . 

.     6        ■ 

.    a-r    • 

J 

Speciva  ofldctuca   .     . 

.    7 

.     8        • 

H 

CatenduU  krv«nri«  .     .     . 

.     9 

^H 

Aiiuariarubm    .... 

.     9-10  ■ 

rnm     .... 

.  10-11  ■ 

^H 

11       •                     ^^H 

Pusidon  cieralsa    .     .     . 

Pyrptlinim  MrYmhosniQ    * 

Bileno  Qoetiflum  .     .    ,     • 

■ 

(Enothm  birtinia    .    .    . 

Minliili*  JkUp*  .... 

<-;  "                ^^H 

XfTcbtiis  vipMHrtiaA  *    <     - 

^^1 

^^M 

^^—                                                FlQ  IM.    Dna  Indian  iTTam                                                       ^^^^^1 
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IhTfjn'sh  it«  elliptical  oH.^t  31  x  pt^nod  of  froiB  half  a  atxinte  tD  a 
BDiL'it^-  <^  tt^ifv.  tr«<  tiuK  laniK  grvatlj  accocdiBK  fa>  the  ex- 
trr7.:kl  ^f^r^i.r.'-r.*.  '^ii  Y^in^  D«=4r:y  uniform  milrr  Buibrm  kigl^ 

ary/lb*'r.  of^  ^^rx^^'tim*-^  pa.««»in'Z  •I'/vnwanU  while  tbe  ciCkcr  u 
a."" -^-v ].:•::.  r/ct  :..*  nr  L*  £!■>  «L<in<  t  nrlatiuo  between  Ibem. 

At  tfi*-  ':ia.w-  <^f  :^j»-  tt-nnlna!  iTafl^-t.  tii*r  IjOzse  of  the  latenl  Itaf- 
l^-to.  ar««l  t^4^.*  t-o.**-  ijf  th«  mala  pecif^.  are  puhini.  to 
in  wbi'ii  Tr.»-  ^-^t-ral  rxi«»itn>-r*N  an?  doe. 

l<>7i;.  TW  fmiie  •f  a«t»— ir  ■■fiafb  mtA  UOj 
\4>  \i»t-  f-aii*4:  of  tU'  {•«-ri<j<ii(:  ciianges  in  torgirdceiice 
ciaU-^l  sTrf^'*:!!  wLlt-ii  girc  ri*e  to  **  s^iontaDeoiw  "  morcmeato,  little 
lA  at  prf^iit  known.  The  fact  tiiat  in  the  naked  protopl&»ai  of 
th'r  |»la«rii<i<l:ijrn  of  tlie  Mvxoniycete^  tlie  »ap  carities  exhibit 
a  rh}  thmirril  |ii]l.»ali«>n  whir-ii  i«»  tboacrbt  to  Ije  dependent  opon 
\ari:jtioiin  in  th«*  irnMMtion  |irjwfr  of  the  protoplasm  for  vater. 
tliromti  \\n\i'  H;iht  iiirf/ii  the  iiltimati.*  entire  which  onderiiea  Tari* 
u\*\*'  Xi\r^t-^-^'i\i-*'  in  one  ctL^  nn<l  variaMe  pulsation  in  the  oCber. 
Althoutrh  \nriation«^  in  tnnz«.*^oMice  anfl  ass^ocialeil  growth  are 
f'i#'r\  wlicrf  olf-u.nalrle  in  voting  an<l  9»till  parts  of  plants*  in  soaie 
inMtinfrtf'^  «>irni!ar  ph<*nonH'na  t-an  be  olt^terved.  as  we  have  jnst 
M'f'fi,  in  *^.\>t:i\ti\\ZAr<\  organs  which  arc  no  longer  capable  of 
growth. 

1071 .  OrrVrifA '  falls  attention  to  the  fact  that  organic  acids  or 
1h<'ir  HultH.  a«i  tlicv  are  fonneil  in  tissues.  ha%'e  a  markc^l  eflect 
n|K>n  the  tin-;;e!^eenee  of  the  cells  cr»m|Mising  the  tissoe.  If  these 
eoni)^fiin«U  wf-n-  pro<Iuct'<l  fir-«t  in  tlie  c*clls  on  one  side  of  a  shoot 
or  other  rnofite  nr^an,  ami  then  in  the  cells  next  to  tbese«  and 
M»  on.  the  phenomena  of  circnmnntiition  would  lie  exhibited. 
lf.H  caiiHi'  will  prohahly  lie  found  in  chemical  processes  which 
enuM*  IJM*  osmotic  |Kiwer  of  the  cell-contents  to  vary.* 

1072.  Heii«ltlreiifwi.  l\y  this  is  meant  the  cai>adtv  to  react 
nt^niriHt.  an  irritation  :  thus,  the  root  is  said  to  be  sensitive  to 
nioiHtnre,  m/ine  leaves  to  li^ht.  etc.  Wwi  it  is  usual  to  employ 
the  term  in  a  more  restricted  signification;  following  Darwiu*s 
cnntioim  defniition,  '*  a  part  or  organ  may  be  called  sensitive, 
when  it.H  irritation  excites  movement  in  an  adjoining  part."  •  The 
Irritfint  may  Ur  shock,  prolonged  contact,  a  light  touch,  or  a 
ehemieal  n^ent. 

'  iViUriimJw  Z<:itiin;{,  IHT^,  pp.  830,  847,  and  in  an  inde; 
cut  ion. 

■  rr*-fT«T  :  P«'rifH!i«'li«n  B#»wnpiinffon  (1875). 
•  Tower  of  Movement  in  Plant*,  1880,  p.  191. 
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1073.  It  has  been  sbowu  (1024)  Ibat  young  shoots  reart, 
allhongh  somewhnt  eliiggishly.  Against  ini^cliitnical  aliuek,  their 
(.■Laiigu  of  fonu  or  direciiou  Uepcndiug  on  tlio  eliariu;tcr  or  direc- 
tion of  the  hlnwa  received.  In  certain  diiliuate  tissues,  especially 
Ihoso  which  possess  miuh  simplicity  of  struetnre.  chuujje  of  fonn 
and  or<tirection  may  be  produced  il)  response  to  coniparutively 
slight  mechanical  ov  clieuiical  irritation.  It  ta  to  tbese  that  the 
term  teimitiot  lig»tte«  is  properly  applied. 

1074.  SenalllTrafw  of  roots.  The  tip  of  the  cnulicio  is  gen- 
erally sensitive  to  contact  and  to  canBli(«.  There  ore,  boffever, 
groat  dilTercuces  in  the  degree  of  scnsiliveneea ;  in  some  cases 
slight  contact  being  suffluient  to  cause  reaction,  while  iu  olhera 
the  contact  mnst  be  prolonged  and  acconipanied  by  du^ot  prea- 
Bwre.  If  the  caulicic  willi  its  unformed  root  is  placctl  under 
conditions  where  growth  can  tnke  place  with  great  rapidity,  the 
seusitiveneas  is  much  impaired  and  aometiines  ia  wholly  lost; 
it  is  partially  lost  also  when  the  cauUcle  grows  slowly,  or  is 
forced  to  grow  uut  of  season.  Under  natural  comlilions  and  at 
a  normal  rate  of  growth  the  tip  is  sensitive  for  about  one  twen- 
tieth of  an  inch.  If  a  i>ieco  of  caustic  is  applied  to  the  tip  (not 
more  (ban  1.5  mm.  fiiim  tlie  very  end),  the  caulicic  will  curve 
away  from  the  irritated  side.  The  reaction  ia  as  plainly  seen  ia 
those  coses  where  the  canllclc  dues  not  elongate,  but  where  the 
l-oot  itself  descends. 

107.i.  The  length  of  the  [Wrtion  of  these  oi^ns  which  rfoett  ia 
abonl  ten  millimetres.  The  time  of  reaction  varies  for  different 
plants,  l>eing  aometimcs  in  live  hours,  and.  according  to  Darwic. 
almost  always  within  twenty-four  hours. 

1076.  "The  cnr\'atnrc  often  amounts  to  a  rectangle;  that  is, 
the  terminal  part  bonds  upwards  until  the  tip,  whicli  is  but  little 
ciirvnl,  j)rujects  almost  horizontally.  Occasionally  the  tip.  from 
tlic  conliniK-d  iriiUition  of  the  attached  object,  continues  to  bend 
up  until  it  forms  a  hook  with  the  p<Hnt  directed  towards  the 
senlth.  or  a  loop,  or  even  a  spire.  Arter  n  time  tlie  radicle 
apparently  becomes  accustomed  to  the  irritation,  as  occurs  in 
the  case  of  tendrils;  for  it  agaiD  grows  downwards,  although 
the  bit  of  card  or  olbor  object  may  remain  altaclie*!  to  tlie 
tip." ' 

t»77.  The  tip  of  the  radicle  has  been  shown  {1040)  to  be 
constantly  ciicnm nutating.  By  this  movement  the  seiisttire  tip 
il  brought  into  oontact  with  different  sides  of  minute  crevices  in 

1  Townr  of  Jloi-cmcnl  in  PUnU,  I8S0,  p.  193. 
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the  Boil,'  and  "  as  it  U  alwaj-a  cmleavoHnc;  to  bend  to  all  sides. 
It  will  prt'ss  on  all  sjdus.  nnd  will  thus  \k  able  to  diBcrimi note 
botwecii  t.lii>  bard(?r  and  softer  adjoining  surraecs  .  .  .  conec- 
qiieiitly  it  will  tend  to  ttcrid  from  tin.'  Iiardei'  soil,  and  will  tkns 
follow  tile  lines  of  L'ast  resistance."  ' 


I  Dsrnin  ;  Power  of  Movemrtit  in  Plwits  p.  1B7. 

'  The  two  foUouing  t>U8Bg<-a  nhoulJ  be  csiefuilj  utadifsl  by  Ibe  student, 
■inoe  thej  emboJj  in  ■  few  woiils  Dnrwiu's  BiiiniuBry  of  maHt  of  tlie  ivtniltB  of 
hi*  BiicriroenU  upon  nulivli!*.  Butli  pussugiui  an  from  the  "  Poncr  of  Mare, 
niellt  in  Plants,"  188D  ;  — 

"  Wn  see  that  [lie  course  followoil  by  a  root  Ihroiigh  the  soil  is  ([orpnipd  l>y 
sxtniariiiTiHrily  cuiiiplrx  nnU  iliTeniilieil  agrni^ies,  —  by  gi^tropuim  sriing  in  ■ 
dilfhreut  miQUcr  on  ilio  ]iriia»ry,  m^ontliiry,  anil  tertiary  ndii^ln,  —  by  aeuu- 
tiTeniwt  to  i-oiibii^t,  'liferent  in  kinJ  in  the  ipri  anil  in  tba  part  immedia  Ifly 
aboVD  tho  apx,  and  apiHtrcntly  by  scusitirimcu  to  llie  vnryiiig  daiuinms  of 
diir«rTiit  part*  of  ilic  Duil.  Them  sureral  stimuli  to  niori^munt  are  all  mora 
powrrliil  [hnii  i^tropiam,  n'h«u  this  acts  obliquely  on  a  nulicic  which  baa  hten 
deflwlal  irom  ii«  ptri'oiidii.-uUr  domis-aiU  courws.  Tlw  wots,  mmi-over,  of 
most  pUnls  *n  excited  by  light  to  bend  either  to  or  from  il ;  but  »«  iimta  am 
not  pBtumlly  cxposeil  to  the  light,  it  is  douhtfnl  whetlirr  this  urnsiliTcneaa, 
which  is  [>erlia)is  unly  the  iudiroct  rwnlt  of  the  radivle*  twing  highly  senutive 
tn  other  stimuli,  is  of  nny  si-rvioe  to  the  plant.  The  dirrciion  which  the  mptx 
takea  Nt  each  successire  peiiod  of  the  growth  of  a  root  ultimately  dvtrrminea 
;■■  wholo  conrw  ;  it  is  therefore  highly  important  that  the  apex  ahoulil  pursue 
fraiB  the  Gist  the  must  oilvsntiigTOus  ditw^tiou  ;  and  we  nui  thus  undirataiiil 
why  Beiisitiveneis  to  geatro)<iiini,  to  contact.  Knd  to  muislure,  all  reside  in  tlw 
tip,  and  why  the  tip  detenuiues  tile  iiptwr  gmwiiig  part  to  bend  eitlipr  from  or 
to  the  exuting  cause.  A  radicle  luay  be  ronijinred  with  a  barniwing  animal 
such  OS  ■  mole,  which  nishea  to  |>enetrata  per|>enilicular1y  down  into  the 
gtoaad.  By  contiDiially  moving  his  heail  fivm  side  ta  sidn,  or  circumnutntijifg 
he  will  feel  any  stoun  or  other  obatoclr,  ns  well  as  any  diffrrmee  in  the  Imrd- 
neu  of  the  wil,  and  ha  will  turn  from  that  side ;  if  the  earth  ia  damper  on  one 
thau  on  the  other  side,  he  will  turn  thitlif  rwsrd  aa  a  Vtter  hunting-groDnd. 
Nevertheless,  aflor  cath  interruption,  guidi-d  by  the  seuw  of  gravity,  he  will 
be  abl*  to  recorer  hti  downward  cuorse  end  to  burrow  to  a  greater  depth  " 
(p.  1»B). 

"Wobrlievcthat  thm- ia  no  stru.-turc  in  plants  more  wonderful,  safaraa 
It*  funotiona  are  coiicenie.1,  than  the  ti[.  of  tho  mdicle.  If  the  tip  be  lightly 
pKuad  or  burnt  or  out,  it  ImuBmiia  an  Jnflu.'uce  lo  U.c  npptr  a.ljoining  pnrt, 
oaiudng  il  to  bend  away  trrnn  the  sffwtwl  sidi- ;  ami.  what  in  nioir  auriiruring, 
the  tip  can  diatingniah  between  a  slightly  hanler  nnii  softer  object,  by  which 
it  ia  slmultanwrnsly  pressed  on  opposite  sides. 

"  If,  however,  the  radicle  ii  pressed  bv  a  similar  object  a  little  aliore  tbe 
tip,  the  prcHicd  part  does  not  transmit  any  iullucnee  to  the  more  disunt  part^ 
bat  U-nd»  iiliruptly  towards  the  object.  If  the  tip  pi-tBeivos  the  air  t<i  b« 
tnojhtcr  on  one  siilc  thau  on  the  other,  il  liki'wlse  bausniits  on  inllaenre  to  Ilie 
apper  adjoining  part,  which  benda  towanta  the  sourw  of  nioixtiirv.  Wlien  (he 
li|i  is  mrlu^i  by  light  (though  in  tbe  case  of  radi.^i's  this  was  >stertniBed  in 
only  0  aingin  itiNtnnco)  Ihc  adjoining  jmrt  bi'iids  fnmi   Ihc  light ;  l>ut  wUt-n 
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1078.  SeoHltlTeiMii  or  HbiDiB  tai  briuictaM.  Under  ordinary 
ConililionB  even  tnining  eU'in!t  are  nut  soiisilive  to  slight  mccliaiii- 
<^l  iiTitaUon.  The  rcaclions  to  moisture,  ligh^  griivitalion,  etc., 
have  been  alroatJy  notii-eii,  ami  it  is  now  intended  to  coll  atten- 
tion to  the  oxtraordinnry  scnsiliveneas  or  oertAiu  tendrils,  some 
of  trhidi  arc  uiudilied  brandica,  while  others  arc  tno^liQcd  leaves 
or  [larts  of  U-hvos. 

107'J.  TesdrlhcircntnnutAtc,  and  hy  their  revolving  movement 
reach  out  for  a  proper  8upi>oit.     Moreover,  they  are  ))rodiice<l 
^ — ^  on  the  young 
^^X^         and    circum* 
-^"'^  nutating  ox- 

treniitiea  of 
sbools.  ao  that  two  nio<les  of  rei-ohition 
are  fVequently  to  l)e  oliser\e<l  simulta- 
neously. But  in  tliis  revolving  move- 
ment the  tendrili)  are  prevented  from 
I>CL'oming  cntatigled  with  the  rest  of  Ilie 
shoot.  The  manner  tn  whieh  tliia  is 
done  is  tliua  described:  ^' When  a  ten- 
dril, sweeping  liorizoDtally,  conies  ronnil 
so  that  its  base  nears  the  parent  stem 
rising  alM)\'c  it,  it  stops  shoit,  rises  etif- 
fiy  npi'ight.  moves  on  in  this  position 
until  it  posses  by  the  stem,  then  rapidly 
comes  down  again  to  the  horizontal  po- 
sition, and  moves  on  so  until  it  again 
approOLhcs  and  again  avoids  the  im- 
pending obstacle."' 

10^0.   When  a  light  tlircad  is  phtccd 
olving  tendril  of  I^ssiRora,  Echinocystis,  or 


u|K>n  a  long  i 


riciliui  li;  gruvitatiun  die  mmu  [lart  bends  toHarJa  tLe  vi^nlmifgnivit}-.  lu 
almost  every  toM  «u  an  clmrlj  iicn^ivn  llw  fLnal  [mr]K»e  or  ailriiitagi-  of  llie 
tcvcral  mnvrmeiiU.  Two,  or  prrlMtM  inan^,  of  tlic  excitioif  cnnsc*  aneu  act 
■imaltanennsly  ou  tlw  tip,  >n>l  one  coniiiwn  Uia  othrr,  no  douU  in  icconUuca 
with  ila  iiupod«n«  (or  tlie  liTo  aX  tlw  jiUnt.  Ttir  noiiraa  punonl  bjp  Uia  ndi- 
cln  in  [Miotrkling  the  ground  tnu>t  bo  dctenuinnd  by  the  tip  :  hmoD  it  his 
tcqniml  iiiLb  di(«rM  kin'U  of  utiKitirrncia.  It  iit  hudly  nn  FXl^>g^^ltil>^  lo 
ny  tfail  thv  iJpar  the  radicle  ttiuiendow»l,aDd  bsring  the|»w«rnrilinwliiig 
tiM  movBimiiti  of  t)ie  adjiitiing  itrti,  acts  Ilka  tbs  bnin  of  ana  of  the  towrr 
uiimals ;  the  brain  bciiis  uNtvl  irithin  the  uit«rii>rcnd  of  the  body,  Kceiviug 
inij-niniaiia  bom  the  tenso  organs,  and  directing  tbs  aDrenl  i 

(p.  s;2). 

t  Gray  :  How  PlanlB  Bi-hnTr,  1S72,  p.  18, 

no.  m.   Sbont  ef  I'aaalB'm,  *liei>1n|  teutrila. 


87 


41B 


MOVEMENTS. 


Sicyos,  a  currnhtrc  soon  takes  platK  iii  tlie  direction  or  the  con- 
tart,  ir  l\w  plant  is  in  a  vigorous  condition  and  llic  temlril  is 
j'oiing.  a  sliglit  loiicli  is  geiierallv  Biilllcii-nt  to  tnitse  iinmriliate 
flexion.  If  a  eoliil  olijiil,  for  instance  n  statF,  is  |>lni-(><l  in  con- 
tact  witli  sucli  n  tendril,  tho  bending  and  coiling  takt^s  {ilacc  nt 
oner,  and  tlius  tlio  organ  ia  brouglit  into  dose  apixisition  irilh 
tlio  Bn]iiK)ri. 

1081.  As  soon  fls  llie  tendril  has  cniled  around  it8  siipiKirl,  a 
Striking  [)liciiomcnoii  is  obaerveil  in  tlic  (xjrtiuu  lietneen  the  sboot 
UK)  tlte  8U])|K>n:  it  begins  to  twist,  tlmiiring  ihe  whole  tliread 
into  a  double  coil,  a  part  of  wliidi  win<)B  one  war  and  tbe 
rest  anotlicr.  Thrre  cnn  be  no  doubt  Hint  this  conies  from  the 
action  of  Hie  same  force  wliiuli  causes  tbe  revolution  in  tlio  ten- 
dril before  it  liecomes  atlnched  to  the  Hup|K>rt,  and  tlie  further 
exercise  of  this  force  must  ueecBsarllj-  produce  two  c-oils  running 


111  opposite  directions.  After  I!ic  tendril  lias  made  fast  to  its 
support,  its  structure  begins  to  cliange  in  a  rcinaikablc  manner, 
IwL-oming  much  llrmer  and  more  elastic  than  before, — a  provision 
aduptJng  it  admirably  to  resist  sudden  strains  upon  Hie  main 
shoot  from  gusts  of  irind. 

1082.  But  if  the  tendril  in  its  revolution  haa  failed  to  come  in 
contact  with  any  [iroper  support,  it  is  thrown  into  a  single  coll, 
irliich  runs  from  the  extremity  of  the  tendril,  and  extends  for 
a  short  dislnuce,  i«>rlinps  hulf  the  whole  length  of  the  organ. 
Sometimes,  however,  it  simply  becomes  flaccid. 
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1083.  In  some  cases  tendrila  are  not  sonsitire  to  conUct,  but 
are  distinctly  ai>lie]iotroi>ic,  ttiruinp  away  from  tlie  light,  aud  in 
this  way  securing  Ibr  the  plant  an  adequate  lucchaiiical  support 
upon  some  wall  or  the  like.  Gra|>e-vine8  and  Virg^inia  ereo|)cr 
Atrnish  good  examples  of  sut-h  tvn<lrila.  The  branches  of  the 
tendrils  of  the  grape-vine  sometimes  dasp  around  a  aleniler  bui>- 
]>ort,  somewhat  in  the  same  nay  as  an  object  would  be  grasped 
by  a  thumb  and  finger. 

The  much-bmni'hed  tendrils  of  species  of  Ampelopsis  are  also 
apheliutropie ;  but  wheu  the  tijis  of  the  branches  of  the  tendrils 
oome  in  coutact  nilli  a  wall,  they  become  e^iianded  into  flat 
discs  which  cling  to  the  surface. 

1 0^4 .  SmisIU  rencss  of  |MiUoles. 
This  lun  be  easily  examined  in 
the  common  climbing  s|»ecies  of 
C'lemaiis.in  Solanumjftsminoides, 
etc.  The  leaves  circnm nutate 
and,  in  the  case  of  compound 
leaves,  the  separate  k-nQets  also. 
When  young  the  sides  of  the 
petioles  are  sensitive  to  touch, 
bending  towanls  where  the  pres- 
sure or  compact  is.  Shortly  after 
clasping  the  snpimrt  by  means  of 
this  bending  the  petioles  increase 
in  thickness,  become  strongec 
and  tougher  tlian  before,  and 
sometimes  take  on  a  structnre 
suggestive  of  a  rigid  branch.  lu 
Gloriosa  the  senailiveuessisvcry 
marked  in  the  leaf-tips,  but  only 
on  the  undci-  surface  of  the  pro-  im 

longed  thri!ail-likc  cxlrrmity. 

1085.  SnultlTMMa  of  iVaT-bladm.  Ttie  ay-trap  of  DibD«a 
(considered  by  some  an  appendage  to  the  proper  Icaf-blade)  is 
exc|Hi»itely  sensitive  to  any  louch  ujkiu  the  hairs  which  jrrow  on 
the  fiices  of  the  trap.  As  soon  ns  these  are  touched  the  trap 
instantly  closes,  and  Ihe  same  effect  follows  a  slipht  touch  on 
the  median  line,  A  cn>ss-section  through  the  leaf  shows  tliat 
tJie  parenchyma  is  thin-walled.  The  leaf  of  Uie  small  water- 
plant  Aldrovanda  has  likewise  been  shown  to  be  sensitive. 


1 


FlO.  IW.    Snlaniini  JiH 


■BJlk*  of  tuwia  Ib  vxtor. 


HBT.  JKmumifmika  (tfae  Sco- 
.).    TU*  ttas  componnd 
cf  tcnr  king  Icaf- 
of  vku'fa  is  divided  ioUi 
WBor  IckflrU  urangnt 
At  tbr  )>MF  of  cwji  Icmf- 
aftio  al  tbr   tiase   ur  Ibe 
hnv  M  «  imluom.  oai»> 
at  pevaUMi  vtHa,     On   tbe 
«r  ll>«  {Kilrinns   tbe^ 
M)    on    Um 
lowor;  BMlorUiMBcaoUuinMiiid- 
iili  fjkJMea  Bade  ap  oC  m  sUtH% 


fcowTw.  of  a^r  ilgiWuMm  h  BMetami  the 
wMtBtf,  aiMe  ttiqr  an  Iboad  ia  IIm  pmnn- 
d>(-^  or  tke  b^t  oT  • 

lOHH.  Wt>i>n«fal)TqtfpadtnBrbloadbBl 
St  it*  f-stR-rah,r  Um  i 
rird]-  doM    £d  fairs,   tlie   t>p|M'  *urfcw» 
•t^praMUns  Mtd  Ibo  ti|M  ftJUaf  mamtimhml 


•rtfaelMf 
tfao)  dntr  MW  oadi 
odwr.uiailieiBBb 
petiole  ineliavs 
downwards  mkI 
SnalJjr  droofis  pa>- 
aivply  At  the  J<^nU 
TW  retoven-  from 
tfaia  [(wiUon  or  cul- 
kpM  taicm  pUce  in 
a  few  n>inul«8,  genend); 
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1089.  If  an  irritant  is  applied  to  a  single  leaflet,  the  opposite 
one  may  be  the  only  otiier  affected  ;  or.  il"  llie  effei-t  U  more  pro- 
nounced, oil  tlie  leaflets  on  a  single  iliviaion  of  the  leaf  may  Iw  , 
closed  without  affeeting  any  on  the  other  branelits.  But  it  a  still 
eharper  impnlsc  ia  given,  not  only  will  all  the  leaflets  on  a  singlo 
leaf  close,  but  oilier  leaves  on  tlie  plant  niiiy  he  ufTecIvd.  Thus 
it  is  possible  by  applying  n  hot  needle  to  a  single  leaflet  to  airect 
all  those  on  a  small  plniiL  A  drop  of  strong  ^ulpbiiriu  acid  oi-ts 
ia  the  same  nay.' 

When  a  leaf  of  Mimosa  is  separated  from  its  plant  by  a  sharp 
cut  through  ilH  pulviniis,  and  is  at  oiico  placed  in  a  satwnit«*l 
atiiiosphere,  it  soon  recovers  its  noriiuil  expnmlcil  condition  ;  if 
novr  it  is  roiiched  llie  leaflets  will  eolUjiao  ns  usual,  and  at  Uie 
momeDt  of  closing  a  drop  of  wab-r  can  l>c  seen  exuding  fi'om  tho 
cut  surfnw,  Aw-oixiing  to  Vfeflbr  it  is  possible  to  observe  that 
the  watJT  comes  from  the  pai-cn<;hynm  of  the  lower  lialf  of  the 
pnlvbins.* 

1090.  Ac'cording  to  Bert.*  who  made  use  of  a  tlienno-eletitric 
apparatus,  the  pulvinus  of  a  leaf  of  Mimosa  in  its  normal  condi' 


1  For  ■  stuily  or  liir.  tMnsmiuinn  o!  the  Bhock,  sm  PfrfTi-r,  Pringibrim'a 
JfthrbUrlirr,  ix.,  1873,  p.  308. 

Suiii'^  of  th«  ettecti  piiHliircrf  by  IrriUftta  npon  the  bain  of  cerlnin  inMcttT- 
oraai  pUutt  havit  bran  ilrraily  <li-«oribr>l.  Ths  )ibi>ii<iiiiPiiii  i>r  nggrtynlioit 
tlii-a  alluilnl  In  miut  bs  now  trratod  iniin<  in  detnil.  It  ia  dewiibnl  by  PfcBcr 
ill  til'  rallotting  woiiUt  "KiiiMenly  Ihrcoulvnii  of  tht  coll  tcte<\  on  bcroinn 
rloudrd  by  a  >Bpanilinn  af  niinuti-  )Hrtic:lea  whicrb  nggrrgnlt!  to  fonn  nias«. 
Tliene  luHuns  coniiBt  niMntinlly  nf  ii1l>urnliiouii  Qinltarn,  which,  rrom  tbvir  col- 
bxitiiig  thi-  i»iloKn}{  robrtaiicg  iii  th«  celI-Mj>.  brcoins  tinj^L  The  whola 
procew  uf  aggivgiiUan  takm  pivn  in  tlie  iwlI-iMp. " 

rr«ner  point*  out  tlia  curioiw  r«cl  thnt  while  emiunnic  carbonnte,  witbont 
■ny  otbi-r  irritant,  will  cwim  this  aggngation,  ooelic  add  will  inaka  it 
disappear. 

Surli  L-han|c«a  ni  leRngallon  and  variatinna  in  tiirip-sceiico  arv  nmiiednl  in 
•om«  wsy,  not  ynt  undc^ratuoJ,  wiUi  [lie  imbibition  powtr  of  protoplaam  for 
«at»ry  Hiiiila.  Thi-  mrebaniral  or  obpmial  irritant*  which  t4!ni]»ir«rily  diain- 
iib  tlw  CK[iavily  of  pn>totda*m  for  relainiiiic  withia  the  wll  the  maxiDium 
quantity  of  water  will  prmliie"  ■  dUlinet  cBwt  a|»n  tha  tension  of  the  mil- 
wall,  and  mnit  in  a  change  of  iU  >ite  or  Itttta,  or  botli.  Tho  initalion  thiu 
eamud  end  bt  tiaixndttnl  to  a  ilii-tiuil  jiart.  The  tntimata  n-Uliona  which 
exial  between  the  yoaiip  ci'll-wall  and  the  protoplaitnic  lining  nimit  not  ba 
oTerlookfHl  in  any  coaiidcration  of  Ihe  sntijoct  of  ■rnaitiveneM  in  pUnta. 
Lastly,  the  continuilT  of  prDtuplaam  in  many  riiolril«  and  avnaitiTii  oigant  mnrt 
be  home  in  mind  in  the  Dou«idenition  of  thia  aubjivL 

*  PHiiDzvnphyiialogip,  il.,  IHSl,  p.  S37,  See  alao  PteUei'i  Physiologischo 
Oalenochunern,  187S,  p.  32. 

■  ComptM  Bendui,  biii.,  1M»,  p.  B»5. 


tion  is  alwavs  slightly  cooler  thnii  the  reet  of  tlie  [ictiole.  but 

upon  tlie  movciuuiit  from  iiritatiou  it,  rises  in  tem|>erRtHi-o  ;  not 
ciioitjjl).  howeviT, 
to  acLiiuiit  Tor  the 
ruiaiiig  nf  so  con- 
aidi'rublo  a  iri'iglit 
ua  that  of  the  leaf. 
lO'Jl.  Some 
plivslologbts  liBve 
icgiiitlfd  the  9c»- 
'  sitivciicss  of  tlie 
|iii]viiiim  of  the 
Sensitive  pinnt 
anil  of  other  niolile 
pnrts  as  resi<Iiiig 
chieDj-  ir  not  whol- 
Ir  in  the  ccll-wnll, 
wliile  others  Uavc 

thought  that  it  resided  in  the  contrRCtile  protoplasm.     It  is  now 

generally  held  to  ]>c  due  to  some  sudden  variation  in  the  osmotic 

power    of   the    proto- 

plftsiii,  partit.'u!«rly  in 

its  [jeriphei-ftl  portion 

in    contact   with    the 

cell-vrall,  by  which  ttie 

turgestenee  of  the  cell 

is  Buddculy  changed.^ 
1092.    If    a    plant 

with   motile  leaves  is 

kept  in  darkness  for 

a  day  or  so,  even  if 

the  tcmjieratore  is  fav- 
orable to  motion,  its 

power  of  movement  Is 

eitlier greatly  impaired 

or  for  a  time  wholly 

lost.      A    ditiiiuished 

amount  of  light  is  siiffieieDt  to  produce  tho  same  cffi'ct  in  the 

case  of  the  Sensitive  plant. 

•  Comjiuni  Ilofineiater ;  Die  l-fhte  von  dc 

Briicke  :  Arr^hiv  rurAnatomic,  rhysialofpc,  u 

Uii(!<T  :  Uolanist'he  Zi-itung,  1892,  p.  113  ;  ISHS.  p.  31M. 

Fid.  11)1    TrtniimwrectlnnofthemntlleorgRnorBlonfletofOiiaUiDamm.  tSwrhi.) 
Fm.  103.    Vrrikul  MOtloii  tlirouEli  tbo  luuitlo  orjaii  of  ■  lenflet  of  Omlli  cnriicik. 
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Sachs  has  given  the  name  I'holotoniis  to  the  Dormal  motile 
coiulitifju  resiiltiii);  from  allcrimlioii  or  day  iiiul  uiglit.  "A 
plaiil  ill  tills  conilition.  if  plno<nl  in  the  dark,  will  ivmniii  Tur  some 
time  (hours  or  i^ven  ilavs)  in  a  fltatu  of  pholutouus.  nhiih  then 
ilisiippeara  gi-n<Inall.v  ;  the  plant  is  ihtTeTiire  uniler  normal  cmiiU- 
tioiiH  in  a.  slitto  of  phutotoniis  even  iliirin;;  the  night.  In  the 
anuiu  manner  n  plant  wliieh  has  become  rigid  in  continaed  dark- 
ness retains  its  rigidity  Tor  somt;  time  (houi-s  or  even  diiys) 
atlor  being  exposed  to  ligilit.  The  two  conditious  theix'tofe 
pass  over  intu  one  another  only  slowly." 

10^3.  Temporary  rigidity  is  produced  in  the  case  of  the  Sensi- 
tive plant  by  an  cx|>osure  to  a  temiwrnture  of  la"  C.  The  same 
ein-ct  is  prodnwd  by  a  tempcratiii'c  above  .10'  C,  nct-onling  to 
Itt^rl's  olisf^rvationa  at  about  flO"  C.  It  Is  stated  by  him  that  iho 
Boiisitlvcnesa  of  MimoMi  is  destroyed  l>y  es|Mjsnre  to  a  green 
light,  wliile  plants  placeil  under  Ijoll-jars  of  the  Tollowing  colors 
rcmaincil  hcaltliy :  white,  nil,  yellow,  blue,  and  violet.' 

1094.  SetiMltiTenfM  of  staneiu.  No  lietter  illustration  of 
this  is  afforded  than  tliat  given  by  stamens  of  the  c-ommoD  Bar- 
l)erry.  Tlie  six  Btnmens  He  curved  under  the  arebiug  petals,  but 
ir  a  Hlatncnt  is  lightly  touched  it  is  jcrkeil  suddenly  forward, 
bringing  the  anther  into  apitosition  with  the  pistil. 

IU!I6.  The  lilameuts  of  certain  Composite  are  sensitive.  The 
case  of  the  common  Chicory  has  Ih-cii  thus  iie»cril>ed :  The 
anthers  arc  conjoinol  to  form  a  tube  8np|x»rted  nimn  five  dis- 
corinecttil  lilameuts  which  are  at  Hi-st  morti  or  less  enrvvil  out- 
wards. If  the  lilameuts  in  this  condition  arc  lightly  touched 
Ihej-  instantly  straighten,  caiTying  the  anther-tube  u|)  a  little 
higher,  and  thus  bringing  the  pollen  all  along  the  styla  which  is 
enclosed.  After  n  short  time  they  resume  their  former  con'ed 
condition,  retracting  the  anther-tnbe  to  Uie  place  which  it  occu- 
pied before.  It  is  to  lie  observed  that  the  initnlion  of  a  single 
fllamenl  excites  oidy  that  one,  and  thus  the  tube  of  anthei's  may 
1k3  pushed  over  loone  side  for  a  few  minutes,  again  recovering 
itself  after  a  little  while. 

1096.  Sparnmnnia  AlVicana  has  a  cluster  of  beaded  filaments 
surrounding  the  pistil  and  variously  intermingled  with  the  sta- 
mens. When  these  aiv  touched  lightly  tliejt'  o|>cu  out  from  the 
ci'ulrc  with  considerahle  rapidity,  and  remain  thus  pxi>anded 
for  a  certain  period,  aOer  which  they  revert  to  the  closetl  posi- 
tion.    Somewhat  the  same  phenomenon  is  to  be  obscrvid  in 


1  Cunipta  Rendu^  Ux..  1S70.  p.  339. 
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Fjvcios  of  Portulai^a,  whei-e  the  stamens,  apon  contact,   more 
i»utuaril>. 

I«»'.i7.  Tlio  pynamiixnis  stvlo  of  Stvlidium  is  carved  down- 
wanK:  \^lu'ti  it  is  li:;litlv  touched  it  suddenly  flics  to  the  other 
^i<U'  of  the  tlowiT,  aliliough   somelimes  it  merely*  straightens 

it.M-ir. 

Sti»Hiii\o  K»U's  of  the  st\le  or  sti^nna  are  possessed  hy  Mima- 
liw  and  somo  other  Scroi»hulariacea?,^  by  Martj'oia,  and  some 
allied  plants. 

lp'.'>.  In  all  the  foresjoing  cases  the  sensitiveness  is  fj^^atest 
whrii  ihe  planln.  or  ihrir  sensitive  parts,  are  kept  at  a  tolerably 
hii:h  teiuprrntnie.  Sachs  has  shown  that  the  most  favorable 
teniiHiaune  l\»r  Mimosa  movrments  is  al^mt  36^  or  37°  C. 

iHir.).  F.lfeetH  of  anesthetics  upon  sensitiTeness  in  plants.  When 
a  >onnir  plant  o(  Min.osa  is  plaitnl  under  a  bell-jar  in  which  a 
s|H»ni:e  wti  with  rhloroforni  or  an  equivalent  aniesthetic  has 
tilU-il  ihe  i\tn!inrd  alnio>pheiv  with  its  vajwr,  some  of  the  leaflets 
dioop  an<l  HMuain  >o«  while  i»(hers  retain  their  normal  position. 
lint  after  a  while  the  leaflets  will  U*  found  to  have  lost  all  power 
ol'  reacting  to  a  toneh  ;  in  ^hol•t,  they  have  l>econie  insensitive. 
The  >anu»  eifert  is  oh>tTved  in  the  case  of  Barl)erry  stamens. 
Its  explanation  is  Uniked  for  in  the  changed  relation  of  the 
sen>iti\e  t^ells  to  \^ater  when  they  are  subjected  to  the  influence 
i>f  an  ana»>tli»'tii-. 

1  loo.  Plants  iNwscss  no  norvons  sTstem.  That  sensitive  plants 
mn^t  have  nerves,  or  their  eipiixalent,  for  tlie  recognition  of  im- 
pres>ions  and  the  transuMs^ion  of  their  influence  to  a  somewhat 
di>taht  point  was  fonnerly  held  by  many  writers,  but  this 
i>pinion  is  not   now  entertaiuiHl  by  any  physioU>gist.* 


>  S.V  lli^kol^  M.Mion,  t\Mn|'t.'N  Kon<ius  Ixxiv.,  1S74,  p.  702. 

•  "  Knullx.  it  »N  »mp»Nv»Mt'  not  to  K*  stnuk  \*ith  tho  n'semblance  between 
tin'  f.uvi;onv;i  u\o\x  unntH  \»f  j«l;»nt>  aiul  many  of  tho  Actions  jKsrformed  uncon* 
M'ioiisly  by  tii<'  K^nxim  .ininM)>.     With  plants  an  astonislun^ly  small  stimulus 
sullii'fs  ;  antl  rvon  witli  alh»sl  |«lanls  ono  may  U»  Inghly  stMisilivo  to  the  slight- 
est rontinntsl  pM'N'»ni>\  au«l  another   hiijhly  s«'nsiii\o  to  n  sli^^ht  momentnry 
touch.     Tho  hahit  of  moving  at  certain  |N«!io»ls  is  inh«  rittnl  lH»th  by  plants  and 
aniiuaN  ;  an»l  sfvoral  otiuT  |H>ints  of  sinnlitu<lr  have  Um'u  sjHM*ifieil.     But  the 
mo^t  striking  ivsonihlanco  is  the  UvaU7ati«»n  of  their  skMisitiveness,  and  the 
transmi'wion  of  an  inllnence   fnmi  the  exoiteti  p»rt  to  another,  wliich  conse- 
quently moves.     Yet  plants  do  not  of  »H»urse  pwsess  non'es  or  a  central  ner- 
vous system  ;  and  we  may  infer  tliat  with  animals  such  stnutun»s  serve  only 
for  the  mon*  |»erfect  transmission  i»f  impn*.v4ions»  and  for  the  more  complete 
intere<»mmunieation  of  the  several  parts"  ^IWwin  :  V  '••ent  io 

Phints,  1880,  p.  671). 
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1101.  Ij(  Sfientific  as  well  as  popular  langimge  the  term  indi- 
vidual ia  commonly  applied  to  tac-h  and  every  pkiit;  Imt  if  Uy 
inclivkliml  is  mt^ant  an  organism  incapable  ot  suImI! vision  with- 
out loss  or  ils  itlcntity,  the  term  as  applied  tlius  to  the  higher 
plants  is  ob\iouftly  a  misnomer.  It  has  Iwen  sbunn  both  in  Vol- 
ume I.  of  thia  series,'  and  ia  Part  I.  of  llie  present  volume,'  lUat 
iiiidci'  certain  circumstances  any  of  tile  higher  plants  may  be 
separated  into  parts,  each  (if  which  may  aftcrwDiiU  lead  an  iiide- 
pendt^iit  esiatence.  Tims  buds  may  I>e  severed  fi'om  the  parent 
plant  and  soon  establish  themselves  as  indeiK'ndent  urgaiiiams, 
capable  of  increase  in  size,  and  bceomiiig  smmer  or  later  dis- 
tinguishable in  no  wise  from  the  stock  from  which  they  came. 
But  there  are  serious  difileulties  iu  the  way  of  regai'ding  these 
separable  budi  as  true  individuals :  *  each  bud  is  the  promise  of 
ft  branch,  and  consists  of  parts  which,  itudcr  certniD  c^undiLion^, 
may  be  separaliHl  from  each  other.  In  Ihct,  the  vegetable  indi- 
vidual is  not  reached  in  such  mechanical  snlidivision  until  we 
eume  to  the  cells  of  which  all  the  parts  are  c-oiij|>08ed.  Nov  do 
these  satisiy  completely  the  defliiitiun  of  an  indiihhiAl,  since  in 
esceptiunal  cases  tlie  cell  itself  may  spontaneously  divide  into 
viable  pftrt*.* 

1 1 0^.  In  plants,  indlrldnalllj  ts  more  or  less  compI«t«I)'  KM'g«d 
In  comrannllj'.  Under  uoiuul  conditions  the  Bcpai-able  parts, 
while  still  attactied  to  their  common  slock,  co-oiwrate  for  the 
common  goml.  If  separated  under  favoi'abic  conditions  they 
ill  their  tiiru  become  stuclcs  iu  whicli  are  combined  congeries  of 
similar  separable  parts,  or,  in  olber  words.  In-come  individual 
phints,  in  the  oiilhiary  acecptaliun  of  the  term.  For  instance, 
tlie  tuber  of  llie  jwUito,  which  is  Ibc  thickened  extremity  of  an 
underground  branch,  possesses  a  certain  number  of  buds,  each 

>  Page  31(1.  »  l*Bge«  153.  182.  •  Volume  i.  |..  818. 

*  Such  a  Jill riiKHiH Dim  ih  i«vii  in  tlie  fornutiun  uf  sininii'Siiorin  [ur  loiigo- 
nidia]  [roni  ■  Urmiual  c«ll  of  AchtyB. 


426  REPRODUCTION. 

of  which  may,  in  suitable  soil,  give  rise  to  a  thrift}*  plant:  the 
new  plants  will  in  their  turn  produce  new  tubers  likewise  with 
buds,  and  these  again  new  plants,  and  so  on  in  unlimited 
succession.  Nevertheless,  the  divisible  oi'ganisms  are  for  our 
present  purpose  convenientl}'  termed  vegetable  individuals.^ 

1103.  riants  of  the  higher  grade  ( PhiJenogamous  plants)  are 
pmpagated  either  by  buds  or  by  seeds.  In  the  former  case,  a 
l)oition  of  the  axis  with  incipient  leaves  is  separated  from  the 
parent;  in  the  lattc»r  case,  a  new  structure  (the  embr3'o),  capa- 
ble of  independent  existence,  is  formed  b}'  means  of  a  special 
apparatus,  —  the  flower.  In  the  flower,  two  sets  of  sexual  or- 
gans, the  stamens,  constituting  the  androecium,  and  the  pistils, 
constituting  the  gynanium,  produce  by  their  conjoint  action  an 
embryo,  or  undeveloi)ed  plant,  within  the  seed. 

Kepro<luction  by  buds  is  non-sexual  or  asexual ;  that  by  the 
formation  of  an  embrvo  is  sexual. 

110-1.  Non-sexual  i-eproduction  (Agamogenesis)  can  be  traced 
through  all  classes  of  plants,  —  from  the  higher,  where  it  takes 
place  through  pro|K.'r  buds,  down  to  the  ver}*  lowest,  where  it 
takes  place  by  a  single  cell  dividing  si)ontaneously  to  form  two 
or  more  sejmrated  individuals. 

1105.  Sexual  reproduction  (Gamogenesis)  likewise  can  be 
traced  through  all  classes  of  plants  except  the  very  lowest, 
where  it  has  not  as  vet  been  demonstrated  to  exist.  As  the 
series  is  Ibllowed  from  al)ove  downwards,  the  flower  gives  place 
to  other  structures,  and  the  seed  is  replaced  by  simpler  bodies, 
known  as  spores. 

FERTILIZATION  IN  AXGIOSPERMS. 

1106.  Flowering  plants  are  naturally  divided  into  Angio- 
sperms  and  (Jyninospernis :  the  former  are  distinguished  by  the 
possession  of  a  closed  ovary  in  whidi  the  ovules  are  contained. 
Tiie  latter  have  no  closed  ovary,  and  hence  the  ovules  are  naked. 
Apart  of  the  reproductive  apparatus  is  simpler  in  Gymnosperms 
than  in  Angiospenns;  but  owing  to  certain  practical  difldculties 
in  the  treatment  of  microsco[)ic  material,  the  demonstration  of 
the  repro<lu(tive  process  is  less  easy  in  the  former  than  in  the 
latter.  It  \^  proposed,  therefore,  to  l>egin  with  an  examination 
of  the  reproductive  process,  or  fertilization,  of  Angiosperms. 


1  The  view  has  VxM'n  held  by  aomo  that  all  the  derivatives  from  one  seed, 
whether  united  or  separnteil,  <onstitiite  collectively  a  single  individual. 
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1107.  Throe  stibJcL'ta  must  be  brieflj-  reviewpd  before  enter- 
ing ii|Kin  the  sillily  of  the  process  itself;  imnu-h*.  tho  pistil,  the 
owtifr,  and  the  pollen- ffraiti.  For  all  Jetails  regarding  paitiuu- 
lars  of  fiirm  mid  B|>eml  morphologioal  relations,  pa-^cs  i49-2«5 
of  Volume  I.,  and  Ciiapler  IV.  of  llie  present  volume  may  bo 
coiisiiltctd. 

11U8.  Tbe  au)^tnspermoii3  pistil  (see  tig.  106)  consists  of  a 
closed  tiraiy  eontainiug  the  ovules,  wliieli  is  generally  prolonged 
into  n  slender  organ  hnown  fts  tbe  tt^le.  Either  some  jKntion  it 
the  style,  oi-.  when  this  is  wanting,  some  portion  of  tlie  ovary,  la 
niniished  with  a  pwu liar  secreting  siirfaw  known  as  the  »lii/tHa. 
The  manifold  sliaiH-s  of  ovary,  style,  and  stigma  have  l>een  snf- 
fieiently  dL'serilied  in  Vohime  I.,  and  the  microscopic  strncture 
of  each  hns  Iwen  examined  in  a  general  way  in  I'art  I.  of  the 
present  volume.  From  what  was  there  said,  it  will  Ite  remem- 
bered that  the  fiirni  and  structure  of  pistil  and  stamens  have 
intimnto  relations  to  the  transfer  of  [wlleD  awl  its  reception  by 
the  stigma. 

IKK).  The  Ktl^raatlc  seercDon.  The  snifaee  from  which  this 
exudes  may  exist  as  an  expanse  of  consiiierulile  extent,  or  it 
may  have  the  form  of  single  or  double  lines,  or  l«e  reduced 
even  to  a  mere  jHiint.  The  ext«'nt  of  tlie  stigmatic  surface 
Iwars  a  fixed  relation  to  the  number  of  ovules  in  Ihe  ovarj-. 

At  a  uertidn  [wriml  in  the  develojiment  of  the  flower,  the 
sligma,  which  np  to  that  time  may  have  l>een  apparently  frve 
from  moisture,  becomes  eoverwi  with  a  glntinoiis  secretion  of 
a  aacchurine  nature.  At  this  period,  known  as  that  of  ma- 
turity, tho  stigma  is  from  its  stickiness  likely  to  catch  and 
retain  ui>on  its  surfiu«  any  pollen  which  may  fnll  thereon. 
The  secretion  is  generally  slightly  acid  '  in  rcacliow.  and  is  as 
varialile  in  tho  amount  of  sugar  which  it  contains  as  ordinary 
nectar, 

111(1.  The  |)ollen-grains  of  angios|>erms  when  set  free  from 
the  cells  In  wiiieh  they  are  produced  may  become  completely 
isolated  (simple  gi-ains).  or  they  may  remain  (Irmly  coherent  in 
clusters  of  four  (Typha.  Rho<lodendron,  ct^.),  eight,  sixteen, 
thii-ty-two,  or  even,  as  in  some  species  of  Acacia,  aixty-fonr 
("compound  grains").  In  many  Onliidnceie  the  grains  are 
more  or  less  compactly  fasteneil  together  into  masses  by  a  glu- 
tinous matter  forniing  iH>IIiidn,  and  much  the  same  grouping 
into  masses  occurs  in  Asclepiadacete. 

■  V':in  Tirghpin  :  Trul^  in  BoUnlqnt.  1SB(,  p.  SSO. 
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1111.  Structure  of  pollen-grrains.^  The  grains  consist  of  sin- 
gle colls  liaving  a  finu  ineuihrane  and  heterogeneous  contents. 
The  nieinhmne  is  rarely  single  (as  in  Zostera),  being  generally 
conij)ose<l  of  two  coats,  —  an  outer,  the  extine  (called  exine  b3' 
Schacht),  and  an  inner,  the  intine.  The  extine  may  be  smooth, 
but  it  is  rre(iucntly  beset  with  protu Iterances  of  some  kind,  points, 
pnckles,  or  other  sculpturings,  which  may  Ije  characteristic  of 
genera  or  even  larger  groups.  It  is  also  provided  generally 
with  one  or  moi*e  partial  or  complete  perforations,  which  ai'e  of 
course  fully  closed  by  the  inline  which  is  pressed  up  against 
them.  The  number  of  these  perfomtions  is  constant  in  certain 
groups  of  plants :  for  instance,  one  in  most  monocotyledonous 
plants ;  two  in  Ficus,  Justicia,  IJeloperone ;  three  in  Onagracese, 
Geraniacea?,  Comi>ositaj ;  four  to  six  in  Impatiens,  Ulmus,  and 
Alnus ;  many  in  Nyctaginacea;,  Convolvulacea?,  Malvacea;,  and 
some  Caryophyllacea?.  Under  the  action  of  concentrated  sul- 
phuric acid  the  in  tine  is  destroyed,  while  the  extine  generally 
remains  unchanged  except  in  color.* 

When  the  pollen  of  Thunl>ergia  is  acted  on  b3-  strong  sulphuric 
acid,  the  destruction  of  the  inline  permits  the  extine  to  uncoil 
as  a  band.  In  no  case  did  Schacht  detect  any  perforation  of 
the  in  tine. 

1112.  The  contents  of  a  pollen-^ain  are  (1)  protoplasmic  mat- 
ter; (2)  graiuilar  f<wd  materials,  such  as  starch,  oil,  and,  ac- 
cording to  Schacht,  inulin  ;  (3)  dissolved  foo<l  matters,  sugar 
and  dextrin.  These  heterogeneous  contents  form  what  was 
formerly  called  the  fovilla. 

In  the  granular  protoplasmic  matter  of  pollen-grains  it  is  pos- 
sible to  demonstrate  the  existence  of  a  nucleus,  and  in  some 
cases  two  nuclei  can  be  made  out  distinctly.  It  is  considered 
well  established*  that  the  single  nucleus  which  exists  in  the 
simple  grain  at  the  perio<l  of  its  separation  from  the  mother-cell 
divides  in  most  cases  into  two  nuclei  of  unequal  size.  The  larger 
of  the  two  fragmental  nuclei  remains  with  no  change ;  while  the 
smaller  may  become  partitioned  off  from  the  rest  of  the  cell  either 
by  a  true  cell-wall  or  by  a  peripheral  film  of  protoplasm,  and  may 
later  divide  and  form  a  group  of  two  or  four  minute  cells. 


*  Thcso  ilctails  an*  snmmarizod  chiefly  from  S<:hacht'8  exhaustive  treatise 
on  the  subjiM't  in  Pringshoinrs  .Tahrbiichcr,  ii.,  ISHO,  p.  109. 

2  In  sonic  (Mscs  a  douMe  nu«nibrune  can  be  shown  in  the  extine,  for  instance 
CEnothiTa,  where  the  extine  separates  into  a  true  extine  an«l  nn  wtcxline. 

•  Sti-nsbur^er ;     Vv\wr  Befnielitun*?   unci   Zelltlieilung,   lb78.      See   alao 
Quarterly  Journal  of  Microscopical  Science,  1880,  p.  19. 
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~lli8.  The  pollen-grnina  of  many  plants  burst  wlien  placed  in 
wator,  nnd  the  fovUla  pet-apes  na  a  slightlj-  rolit?wnt  mass  wtik-h 
Boon  bccomea  more  difTused  and  allows  the  (Incir  granules  to  pass 
into  the  water,  where  tbey  imnicdiaU-ly  exhibit  the  Brownian 
movement,  common  to  all  minute  parliules  enspetided  in  a 
liquid.' 

nU.  If  pollen-grains  are  plaeed  in  a  solution  of  sugar  in- 
stead of  in  pure  water,  they  will  increase  somewhat  in  size; 
and  ill  a  few  iiours,  if  the  specimen  is  kept  at  the  right  tem- 
perature, there  will  appear  at  some  point  of  the  surface  of  each 


grain  n  minuk-  tal>e,  which  hy  great  earc  can  be  cultivated  in  a 
proper  meilium  nntil  it  attains  n  length  of  several  ruillimetci's.* 

1113.  The  [Hjllen-grains  of  TuiipaGesnerinna  emit  their  tubes 
in  a  1  to  3  per  cent  solution  of  cane-sugar ;  tlie  rolUiwing  require 
a  somcwiial  stronger  syrup :  Lcuc«)Jum  )Bsti\-um  and  Narcissus 
poeticns.  3  to  ^  {wr  cent;  most  ori:hi(l8,  o  to  10  per  cent;  Coo- 
vallaria  majalis,  a  to  20  per  cvut;  Iris  sibirica,  30  to  40  per 
cent.' 


>  For  an  vxb'n'tnl  iwHiiint  of  the  «|)«:uIntianB  nnce  Insiit  upon  the  occur- 
rt'iiFH  in  Hi«Icr  of  n^otiun  ar  the  pnrllcrlea  of  l)i«  fiiTitlx.  tlic  mirlcr  alioiild 
nonsuit  Mayrii:  Plln[ii;n|<hyaiul<>gie,  iii.,  1S3S,  p[i,  lt>-J  li  vg. ;  and  alw  tha 
reninrkkbln  tTrDtiw   by  Rubert   Brown. 

I  Sulilxiilun  Htalcn  tint  [•ollpn'greins  which  onio  nrciili^ntiilljr  in  contact 
«Kh  BMtar  rekdtljr  wixl  out  tiilie* :  oud  that  we  often  tia<l  nt  the  hue  of  the 
Bow^r  «  mhola  nita  at  eanfiirvuiil  w«b,  which  conitiilH  or  cnliiti)^«il  pollen- 
tubes  emittnl  in  tliia  nmnncr  (PrinnpUs  of  Sdcntillc  Bulon;,  1S19.  ]i.  408). 

•  Strasburger :  D«a  botaniBchc  Pnu-titiim,  1884,  p.  511. 

Pro.  tM-  •iinDtiEtiollon-EnlonrilDliini  nMBliHnm.licfiira  Ita  illdMnn:  t.knerth« 
dfniikjn  of  tW  nurlciiB :  r,  aaiw  ikarlivlilaiintilK  prnto|ilMnii  il.jnnitt  palloi-fnln  nf 
Mniu>trai«  Kri<rpitM  dlflilnl :  f,Mmg  ciiiUiiii(  tli  tnhn,  InCn  wMcli  iIm  two  nurM 
pan:/  coBlcnnl  fnimarttin  pnllm  gf  PlalmntliBTk  ttfaUn •Inrlng  ihdr  dl*l«lnii ;  p, 
fiinutlan<rftlwpidlsn-tatoarOnil>IiiBHcBU,lntawlilah(b«twi>Biu:MpaM.    |Sln»- 
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1 1 16.  ^V■he^  a  pollen-grain  is  depositnl  upon  a  Htting  stigma,' 
at  thp  period  wlien  the  stigmatic  secretion  is  suftlL-ieiitlj'  aburw 
dftnt,  it  I mTcttees  somewhat  in  size,  and  soou'ti  tulie^'scinotiiiies 
more  than  one,  is  llini^l  forth  and  pusses  immediately  into  ttie 
loose  tissue  of  the  stiginntie  surface.  Tlio  tube  consisU  of  a 
protrusion  of  the  iiitiiie,  and  its  plai>e  of  em*^ipng  is  at  some 
one  of  the  perfonilions  of  the  oxtine.  In  eomt.'  instances  Iho 
wall  8Pp.irating  tlio  larger  and  the  smaller  fiagments  of  the 
origiiiul  nucleus  of  the  |mllen-graiii  tieeomcs  nhsorbed.  and 
then  the   two  nneloi  make  their  wnv  into  the   tid«  as  it  is 


prolonged.  During  its  doeceut  the  pollen-liihe  is  sleiiiter,  of 
about  tho  9.ime  cnlilire  (liruiigluiut,  and  li.is  eslrctnely  Uiin 
walls.  It  extends  thi-oiigh  the  eondiicting  lissiie  of  the  atvie, 
being  nourished  by  the  nutiienl  mattttr  seereted  from  tlie  (.•ells  of 
that  tjseue,  until  it  at  last  reaches  tiie  t^vity  of  the  itvary. 

]  1 1 7.  According  to  Cnpiia,*  the  extent  uf  the  stigmatic  surface 
bears  a  dcHnite  relation  to  that  of  the  conductive  tissue  of  tho 
style,  one  surfhee  lieing  in  fact  a  mere  expansion  of  Ihe  ottier; 
and  the  rolumc  of  the  conduetive  tissue  of  the  st,\  Ic  is  governed 
by  tlic  nnmlwr  of  ovules  which  are  to  be  fertilized.     Tlins,  t»  a 


I  All  inten-itJnK  '■ci.'ount  of  tho  artllirial  frrtiliuition  oC  n'Hnrn  plunts  of 
the  I^pr  fitiiiily  aftrr  removal  of  the  ctiRniHB  is  gWm  1>y  U<«<ki*r  in  "Tho 
n»MFneii'  Cliniiiicle,"  1847.  It  U  not  kuown  that  (he  rxprrimenU  bave  yet 
been  rv(>mt«d, 

*  Aeronliiig  to  Oiirtnrr,  tho  emisstoQ  of  Ihe  pollcii-tiite  bp;^ni  in  aomt 
CUM  in  linlr  >  Tniiiiil''  nftcr  the  pollen  has  lieen  Mpplinl  to  the  iitignik  ;  but  ia 
(ome  athin,  as  in  HinbilU  Jalnpn  aoi]  ia  tlie  Mslvoccte,  it  lakes  from  U 
to  SA  hoiin. 

■  Atiiici,  in  182:;,  uppi^ra  t"i  Iista  hren  Ibe  first  to  detect  the  pollen-tobe. 
Hi*  rarliml  obaervatioiis  wm  niiuie  njioli  Porlulaen  olcraiMa. 

•  Annaira  dw  Si-.  t>hI.,  wt.  fl.  luinc  vii.  |<.  204. 


FtQ.  IBS.  ApisnilD* 
otuleT  Bltle  at  n  ff]ju«  COM 
tb*  tube.    A  BlmpW  wn 
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Th»  nljwt  ■■  plnrwl  on  tW 
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pistil  with  &  large  number  of  otuIps  the  stipnalic  sarfar«  Is 
Ui^.  OS  ia  also  tUe  &ii>ouDt  or  coDiluctivi;  tUsue  or  tlie  ttyit 
tfarongb  wliii/li  tlie  ]iolten-lui>cs  ar«  Ui  dt-scctxl. 

IWa.  TliP  rawlndlre  thatt  tLrough  wliicb  ttie  pollcu-tube 
dvscvnds.  niul  liy  « liii-li  it  is  uourislied,  is  funned  at  tbt*  slignia 
hy  ■  iDoilificBliuti  (if  ejiklcnnal  ceils,  nud  t)elo"'  this  ■risrs  fVum 
tnodilii'ntiouft  in  die  iiareDcbvma  ;  iu  the  style  it  way  coiietilUt« 
■  «otid  moss  ot  deli<^t«  cells,  eome(itni;s  irilb  waUs  H'bidi  bavc 
ondergune  lltc  uiiH-ilugiDOUS  modificatiou.  or  it  mny  simply  line 
the  hollow  iub«  which  u  frequently  found,  as  in  tlte  pistil  ot 
the  violet. 

1 1 19.  The  liae  required  for  (be  dMcent  of  the  pollen-litbe  de- 
pends aiMn  Uie  li^ii^tli  and  chaiaetej'  of  the  jihUi  Ibe  tube  ia 
to  traverse,  and  is  ver}-  diMcretit  iu 
different  cases.  llofDieister  states 
that  in  Croons  Tenuis,  with  a  «t\  Ic 
whic^b  la  from  one  to  two  iudtes  in 
length  or  soinetitnes  more,  the  tube 
reairliea  the  ovary  in  from  one  to 
three  days.  8uhleiileii'  gives  the 
following  limes  required  fur  descent 
of  the  tube :  Cennis  grnndiOunie, 
having  a  stylo  nine  iuebes  king,  a 
few  hours;    Cokbleum  aiitumnule, 

t  with  a  style  Uiirteeu  inelies  lung, 

I  twelvQ  hours.     In  stune  otlier  cases 

y  (certain  orchids)  it  is  weeks  before 

[  the  end  of  the  tulie  has  <lesceii<k'd 
far  even  a  very  short  dist-inue. 
1I£0.     A   single   pollen-grain  of 

I  tome  Itowers  ean  emit  niorv   thnn 
one  [iollcn-t4die  :   thns   Amici   has 

n  Iwentj'  to  tbirtji  tiil>es  prottoil  '" 

from  one  grain.  Pollen-tnbea  sometinics  branch  in  their  course 
downwanl. 

1121.  The  length  of  time  dniing  which  pnllon-grains  can 
preserve  their  vitality  has  been  determined  for  a  few  eases :  * 


I  '  Si^hli-iJiMi:  I>rinri|ii|pii  nf  ScErntiSf  Botunv,  1848,  p.  407. 

*  finrtnor,  .(IIqIpiI  by  Molil :  VrgrMhIf  Vril,  [>,  13(. 

Fla  IM  tHagnmoralmitUiKllnslMellnnnf nn<wirTliai-ln(DnlrnrHin 
h«*l  rIkreiitaUiHi.  ilfrignnl  t<>»lillil(  Ihixmirwnf  Ihr  pntlsn-inla'friini  tliv 
th*  ■iimmlt  or  ilio  enihrrmkl  tat  ohoeo  ilie  ooqihcn.  Tim  oTula  la 
!■  lUHitud,  M 1*  oiiutl)' Um  cut  Id  CeDipwllK.    ILmnarn.) 
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Those  of  Hibiscus  Trionum  at  least  three  days  after  removal 
from  the  anther ;  those  of  Cheirantbus  Cbeiri,  fourteen  daj's ; 
those  of  Camellia,  Cannabis,  Zca,  and  Phoenix  dact^lifera  (Date), 
one  year. 

1122.  Although  each  ovule  requires  for  its  impregnation  only 
one  i)ollen-tubc,  the  number  of  pollen-grains  in  flowers  which 
open  at  maturity  is  far  in  excess  of  the  number  of  ovules.  The 
ratio  has  been  ascertained  in  a  few  cases,  among  which  are 
the  following :  Cereus  grandiflorus,^  250,000  grains  of  pollen 
to  80,000  ovules;  Wistaria  sinensis,*  about  7,000  grains  of 
pollen  to  each  ovule;  Hibiscus  Tiionura,*  4,8G3  grains  of  pol- 
len to  about  30  ovules.  In  some  other  eases,  for  instance  Genm 
urbanum,^  the  excess  of  pollen  over  ovules  is  about  10 : 1. 

1123.  The  localization  of  the  conductive  tissue  in  the  ovary 
itself  is  sometimes  very  marked ;  thus  in  ovaries  with  parietal 
placentation,  the  ovarian  walls  in  the  immediate  vicinity  of  the 
ovules  are  seen  to  be  distinctly  conductive,  while  in  those  with 
axile  placentation,  the  modiiled  tissue  is  found  in  the  axis. 
Capus  distinguishes  the  following  varieties  of  conductive  pla- 
centae: (1)  with  a  smooth  surface,  the  micropyle  being  close 
to  the  placenta,  e.  ^.,  Solanum ;  (2)  papillar,  the  papilke  either 
simple  or  com|)ound,  sometimes  serving  to  guide  the  pollen-tube 
to  the  micropyle,  e,  g.,  some  Cucurbitaceai ;  (3)  haiiy,  the  hairs 
sometimes  secreting  a  mucus  or  even  breaking  down  into  a 
gelatinous  mass  through  which  the  pollen-tube  ma}'  i)enetrate 
with  facility,  e.  g,^  some  Aroids.  Sjjecial  names  were  formerly 
given  to  peculiar  forms  of  the  conductive  tissue,  but  the  terms 
now  possess  no  utility.  For  special  examples  of  the  forms,  the 
reader  must  consult  the  practical  exercises  at  the  end  of  this 
volume. 

1121.  Stmcture  of  the  orale.  As  shown  on  page  175,  the 
ovules  arise  as  minute  protuberances  at  some  part  of  the  ova* 
rian  wall  or  ui>ou  the  axis  of  the  ovary.  In  orchids  the  pro- 
tuberance consists  of  only  a  single  row  of  cells ;  but  in  most 

1  Morreii.  *  Garaeiiers*  Chronicle,  1846,  p.  771. 

•  Kol renter  :  Vorliiufige  Nachricht  (quoted  by  Balfour:  Class  Book  of 
Botany,  ]>.  604). 

*  Gartner  :  lieitrJipe  zur  Kenntniss,  p.  346  (quoted  by  Darwin  in  "Effects 
of  Cross  an«l  Self  Fertilization  in  the  Vegetable  Kingilom,"  p.  377). 

The  following  are  some  of  HassHU's  detcmiinations  of  the  numWr  of  pollen- 
grains  (Annals  of  Nat.  Hist,  viii.,  1842,  j).  108):  Dandelion,  243,600  grains  ; 
a  flower  of  Peony,  with  174  stamens  each  containing  21,000  pollen-grains, 
3,654,000  ;  while  in  ?■  plant  of  Rhododendron  the  number  of  grains  was  esti- 
mated to  be  72,620,000.' 
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r  cases  several  rows  or  cells  are  supei[)03ed,  forming  llie 
body  known  in  morpholofry  as  the  niieleiis  of  the  ovule.  Tliia, 
to  nvuid  the  |ioaBibilily  of  even  slight  coiifusioD,  will  be  now 
spoken  of  ns  llie  tiucellus. 

Tliat  tills  rlistiDCtioii  is  necessary, 
will  appeur  from  the  fact  that  in  one 
of  the  large  cells  of  lliis  Inxly  there 
is  fl  triio  cell-niick'113  nhicli  uuder- 
goes  remarkable  changes,  all  of  whit-b 
imiist  be  described.  It  should  tliere- 
fore  be  remem1>crcd  lh»t  in  the  fol- 
lowing discussion  the  term  "U  ellut 
means  exactly  that  which  ni  Volume 
1.  jjage  277  is  tailed  nuilem  of  the  '" 

ovule 

Wio     Around  the  mict.llus  there  is  de\elo|>e<l  in  most  In- 

BtttUL-cs  a  double  ring,  which  soon  niorlj  iuvlsU  it   forming  an 

nincr  and  an  outci  coat       Attention 

has  licen  called  in  Volume  1.  to  the 

fict  th  It  the  inttgumciits  of  the  ovule 

do  iiiii  eomplcich  invest  the  nueel- 

Ins    liut  that  there  is  at  its  tiiie  u{>ex 

an  oiiHi^e  known  as  the  foramen   or 

niiciup^le      It  has  also  Iwc'n  shown 

tliit  b^    a   peculiar  distortion  during 

itrt    <Ic V elopment  the   oxule   may   be 

bo  Imit  round  upon  its  Eup|»ort,  the 

fhniculus    OS   to  haie  the  mici'opyle 

present   itself  towards  the  placental 

attachment      Iltnce   when  the  apex 

^       ""  of  the  ovule  ia  s|Kiken  of,  the  micro> 

pylar  extremity  is  meant. 

1126.    At  the  micmpylar  extiemity  of  the  forming  ovule,  a 

single  cell,  beneath  the  surface  {except  in  orehlds  and  some 

saprophytes) .  elongates  in  the  direction  of  the  length  of  the  ovule, 

anil  by  one  or  sometimes  many  tmnsverse  and  vortical  )tartition8 

bc-eonu-s  divided  iuU»  segments  of  nneqiinl    size.     The  lowest 

segment  continues  the  elongstion  and  the  enlargement  of  the 

Bti-ucture  tliua  formed  within  the  ovule,  known  as  tlie  embryo 


Tta.  19T.    I^cinttlUiUiial 
(V.nTlfghonil 

Fid.  IW,    ljiiij(llwllua]  KoUon  of 

llijllUeDf. 


at  Ibo  •m|>hl(rop(nu  oTulg  or  DipiW 

uialrapou*  «*i)lo  ti  Mlinou  puUM    |Vui 


4^4  ItEl'RtinUCTlON. 

esc.  Daring  the  siilncqiient  developtnGnt  of  the  ovnle  tlie 
eubryonol  sau  coiitiiiuea  to  iucivasc  in  size,  otlen  irr^ilariy, 
and  (1is[>la<.-es  or  olilit«r&tcs  by  absorp- 
tion many  of  tho  cl-IU  around  iL 

1127.  At  ail  early  ix;riod  in  the  de- 
veloiiuicnt  of  tlie  embryonal  aac  it  ie 
(■omplvtoly  filled  with  [>i-oU)[>hisra  con- 
taining a  cell-nudcus.  This  nuvlcus  di- 
vi'k'a,  and  the  two  new  nuclei  are  soon 
fuiind  at  o])|>oHitc  ends  of  the  enc,  where 
caih  di\-i(U's  into  four  nuclei.  Between 
the  two  gi'ou[>a  of  four  nuclei  there  may 
be  a  vacuole  of  considerable  size. 

The  next  stage  is  luai-ked  by  the  pas- 
sage of  a  nucleus  from  each  extremity  of 
the  embryount  sac  towards  its  centre, 
wliere  they  liccome  united  to  form  a  sec- 
ondary nucleus. 

lliH.   The  nuclei  at  the  lower  end  of 
the  sac  become  suri-oundcd  with  other 
protopUsmic  matter,  and  hiter  by  cell-walls ;  they  then  consti- 


tute what  have  been  termed  the  antipodnl  cells.    At  the  upper 
end  of  tlie  sac,  also,  the  throe  nndei  become  surrounded  by 

Fm.  im.  L"i«ltiiiIlniaHrtinnaftl»orUuilmpoiiiarDla(>rri>1yEDnuin<llnrl«lnm. 
/if,  ninli-nliiRi  li-.  Mm  twi>  Intettiimiiilii;  hh,  IIk>  nDrclliiK,  irh<»0  aoDimlt  <■  prolonBHt 
toinnlii  llir  Dili'niii.vli-.  ni ;  tr,  thi>  rmbrviniBl  ras.    (Slruburp^r.) 

Flu.  Wl>.  I'lilripiiiiimillviirli'iiiiiin.  Sumiiill  at  tlia  nvuloirUli  tlie  upei  oTUw  cm- 
bryn  np,  unit  the  nilniilHc  I'liilirriiiial  ■[■faratiiM.  t,  tlxi  •ih'iiarci  t,  onu  oT  tLa  lyncr- 
fMM.  tlie  'illipr  1>'lns  IiM<l>'n  IW>ni  vkrw.    {Str»>l>iir£rr.) 

Fid.  201.  Piilfcnnuiii  iHnrlrntuni.  Siinnnitnr  ilieoviilr.pliowlnB  tbeeneraaChiiieiit 
or  Uu  embryo  uc  nian  tlia  ai|}cj|iilng  c«1b.    (Stnubnnter.) 
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more  or  less  i>i'otoi)Iaamie  matter,  but  are  not  luvested  hy  « 

true  celUwflll ;  these  linve  been  t*rmcil  the 

^^■n|)[>nratii9.      Two  or  these  nnkrcl  iiu- 

deated  bodies  are  Bomeivliat  attuiiuiited  at 

tlieir  upper  [mrl  and  niniided  below;  the 

slender  poition  eoulaiiia  the  luielcus,  the 

rounded  a  vaeiiole.   The  bodies  are  termed 

the  »i/iieryidce.    Tlie  ii'mainiug  eell  is  near 

the  lower  extremity  or  the  two  jiiat  de- 
scribed,  aad  is  known    as  liic  oSfphere. 

All  or  these  parts  are  sliowii  iii  tho  fig- 
urea. 

Such,  then,  is  the  strneture  of  the  em- 

brj'onul   sac   and   of  the   egg- apparatus, 

when   the    extremity    of  the    pollen-tnbe 

emerges  into  the  eavity  of  the  ovary  and 

comes  in  eontnct  witli  the  niicropyle,  or 

fommcn.     It   has  been  shown  by  Strus- 

bitrger,  that  when  conlael  takes  place  t>e- 

tweeii  the  pollen-tiibe  and  the  summit  of 

the  emiiryonal  sac,  one  of  Uie  syiiei^ilifi 

changes  its  chamcter ;  its  rather  clear  pro- 
toplasm becomes  turbid,  its  vacuole  and 

nncleiis  vanish,  and  wilh  n  sli<:lit  con- 
trai'lion  the  mass  btcomes  finely  granu- 
lar, after  which  it  may  wholly  disappear. 
At  this  time  the  ojisphere  also  undei^oea 
Uic  following  changes:  it  clothes  ttselF 
with  a  thin  Him  of  cellnloae.  and  in  its 
protopla-smic  mass  a  well-marke<l  nuclens, 
probably  derivi'd  as  such  (Vom  the  ikjIIch- 
tube,  ap|>eara  by  tho  side  of  the  nucleus 
of  the  oosphcre,  sometimes  of  the  same 
Btse,  sometimes  smaller.  The  two  nuclei 
blend,  forming  a  single  nvoid  l>ody,  with 
distinct  or  with  confluent  nucleoli.  Even 
if  at  fii'st  di8t4iii-t  the  imeleoli  may  be- 
come  Limlhient  at   a  later  period.      Thu 


Piu.  303.  Sftierflitii!  pralnn£nl  Mtimthc  nn 
Wm  GliuUuliu  omiuunli;  il.  rrun  Bartinls  i 
■UnsaritaEigrmmelryofthanxilo-,  b.  In  Uw  pli 
tM  thne  putu;  d.    {Sirubai*B'.) 

Fio.  VUS,    CuiiialU  Bum  paitortt.    Tmii  nnLnTu*  wl 


4K.    n,  pliui*  pvriieiHllcqtiir  h>  Um 
uf  ajnintMrf  ;  c.  aricr  HpanMloa  of 

I  colTMau*  iIMIocUt  dotal- 


ItKPRODL'CTHiN-, 


Other  evncrgidu  remains  unchanged,  or 
(lusscs  Ilii'ougli  nearly  the  sanic  otiatitjea 
as  tliusc  dcs(.Til>e(l.  It  sUonId  be  euitl 
that  in  eumu  instnni-en  tlie  |x>llen-tii1)e 
]>aHsca  down  nitliunt  appan-ntlj'  aflvct- 
iiig  the  synt'igiila;  to  any  very  marked 
extent,  but  pi-odnuing  its  influence  di* 
reetly  u|H)n  tlie  oiisphere. 

1129.  Tin-Be  changes  now  dcscri)>ed 
in  the  ousphcie  are  known  collectivelj' 
as  those  of  fci'lilization  or  im|)regnation  ; 
tlie  feililized  or  iin|>rcgnated  oofjiliere 
ia  termed  an  oo8|)orc.  Jt  I'asees  through 
a  series  of  changes  by  nliieh  a  second 
cell  is  formed,  llien  others  in  a  linear 
series,  or  in  a  more  fomjilex  cJiain, 
termed  the  iirueiubryo  or  s[is|>ensor. 
ime  eases,  Iiowevei',  no  BUSi>cnsor 
at  all  is  produced. 


/?B>, 


Tui.  2nl, 

Cii|«c11r  Biim-rMlnrbi.    Knihrj'ii  dcvcl 

|«.l 

n,.,n  ll»n  In  Fig.  MS.    A 

I'HiKltn.Iliial 

«!.«-.  lb:   r.  H 

l-lwiMi.;;'* 

H)/H',i«Tll>leni;<f,aii 

A<.  not-caii.  (llMuteln.) 

Kio.  aw. 

<:.n.«lln<.  »<lv..     „ 

|i».M-rll...l  fnilin. 

1.  .-updedfd  in  .Ik.  by  ilia 

>r.   (■l•I«llllBn^«■I-.«(.«1l^tl■rlll!.^n^H^ 

nlimcllRcivntBlBGealn  tlie 

■tfll«-,T>,l.rT.>:'.,<-.rf. 

i«,.^^.rftlH.m.l.ry,..ll 

illRitn-nt  1  h-nii  of  tlir  emJwyi  lit  tl 

iL-ni. 

t.«,*i   I.  hHielluJlM)  KC- 

tllHI  >4i»wliiu 

fiir1liprHlrl»b>i»ii>ti.l 

tiof.>rniMI<>noftl 

M  i,  i.»i  mi 

11  In  |«r.iKTllvc;/.l 

•.Hvtlnn  of  U»nnio  mi- 

bO'o ■!  a  Im 

rMa«.;..,.r.p«,K 

»vlcw..r™iirj-....I 

le  .';.rlJrr.'lii(!B  limn  land 

HI  i  >>.  p.  r,  1 

Ii-rwaa.-.;  ./.Mmorn 

liryi.  M-i-.i  fr"in  !«■ 

\lill.litiii!  <Vs  ant  illvMona 

lainor;  i,  f,  *",  ct 

Ib  iieareat  tl.8  «us 

K„M.    (I.ui'iwn.  ttur  Pnx. 

nwwikl.) 
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1130.  The  terminal  cell  of  Ilie  siispciiBor  U  followed  by  Uio 
iniliul  cell  or  celb  of  tlie  embryo  proijer ;  llie  dirferviit  stages  of 
the  dcvelopiiipiil  of  tlie  embryo  can  be  traced  in  thi'  ovido  of  one 
of  our  most  (Kimnton  we«ls,  Capaclla  (wirapare  l-'igs,  2U3-20o). 

The  oaso  al>ovo  deeL-rilxtl  is  a  sitn|ili^  one.  bnl  may  avnc  as  a 
lype  of  all  normal  t-iises  of  fertilization  in  angiosiK-nns.  ihf  innn- 
mtrablo  devintioiis  from  which  cannot  Iw  ftirtlier alluded  to  here.' 

1131.  With  the  cliangini  in  the  embryo  sac  thei-e  are  coneomi- 
tant  vhangcH  iu  tlie  nbolti  nnoellue  and  its  inU-gumeiita.  A 
certain  amount  of  TixmI  of  some  kind  (see  fiW)  is  stored  rilher 
in  the  sac  or  in  the  d('Vcloi)ing  tisHues  aroimd  it,  coneiitnling 
tlie  8o-callwl  aibnraen  of  the  «ei*d.  The  TikmI  witliin  the  dcvelop- 
injf  cml)ryo  sac  is  termed  endosjierm;  if  aronnd  it,  iierisperm. 
lint  the  clianges  do  not  stop  with  the  ovule  as  it  ripeua 
inUi  a  seed  ;  tlicy  go  on  also  in  the  anrroiniding  jmrts.  In 
fact,  as  soon  as  fertilization  has  In-gnii,  the  flower  wilts,  and 
in  most  eases  the  external  organs  fall.  The  ovary,  somctimea 
with  associated  parld  sneh  ns  the  calyx,  the  receptacle,  etc., 
passes  through  changes  by  which  it  Iwcumes  the  fi'uit. 

FERTILIZATION  IN  GYMNOSPEUMS. 

1 1 32.  Tho  chief  differences  1)6tween  the  reproduction  in  these 
plants  and  that  iu  those 
JMst  dcM-ribed  are  in  the 
preliminary  development 
of  the  iK>llen  and  the 
ovule. 

1183.  Pollen  of  gym. 
nofpemtM.  The  grain 
is  distinctly  divided  by 
a  curved  partition  into 
two  portions,  and  one  of 
these  portions  is  fre- 
quently divided  in  much 
the  same  way  into  two 
pails.  Comparison  of 
tliis  jwllcn  with  that  of 

'  Thv  utiiileDt  is  ur)(t>t  to  riiulj  with  givat  ore  Ihc  niuterls'  treatise  bj- 
Stnaburft^r,  I'vlxir  BrFnivhlnng  and  ZslIthBiluns,  I87S,  and  Uia  mam  nuxiiirt 
ui-oiint  in  hia  Pnctictim,  1881. 

Pia.  Hm.  A.t^\<n-tntmiot  BUiltb^n  ibclt t^nrnttnm  Out:  yw>ttmn-ne,  I,  ft»1i, 
//  lint)  //'  ivnJlin  br  Kktiri  Uia  oiliiaclintlKU  tyUt  ntt.  llio  iir»to|iU(ni1f  CDntnt* 
■n  HMi.  B,  pullrn-tntw  uT  Iliiiu  plnwlet  bctgrc  llidc  MKaiH  tnxu  Uu  lulkiMaci  % 
Me  Mid  ■  doTMl  tKw.    (Sul*) 


angios|>pniis  shows  tlisl  in  the  latter  the  micleus  diviJes.  bat 

thut  the  division  stops  hei*.  no  Inie  iliviiling-nnU  lieing  fonne*!. 
11.11.  Oi'ulr.  '•/  r/f/mnimjirnn''.  The 
oviilo  JM  Btwaya  ortiiotropous.  ]t  lias  uu 
iiitL'gimicnt  wliidi  is  8i>int:timt.-s  prolonged 
so  us  to  rnrm  a  ficsly  lube  com  mini  tea  ting 
Willi  tlie  nnccUus. 

The  iiucclliis,  like  that  of  angiosiwrms, 
c'ontuiiis  an  emlirjoiial  aafi ;  at  nii  early 
atngotbis  is  filled  with  endosjwnn,  wbiuli 
it  will  be  remembercJ  is  not  developed  in 
an<;iosiM:nnB  until  nl\i-r  TiTliliitation.  Homo 
or  the  up|>cr  (vlla  of  the  eitduspcnn  arc 
i-atliGF  lai'ger  than  the  ottiera,  elongated  in 
the  direction  of  the  axis  of  the  ovule,  nnd 
each  8iirniount<.-d  l>y  n  '*  rosutle  "  or  minute 
(I'lls  wltich  conies  between  llic  gi'oup  and 
the  summit  of  the  embrj'o  sac.  Tlieae  lai^ 
LfllB,  with  their  rosettes,  are  termed  cor- 

fniirukg.    These  corpiisfulca  arc  (Tonsidci'cd  ooapherCB.    Around 

Uieiu  in  the  umliryu  auo  thi'iv  a|>- 

iwars  lu  be  nothing  eoiTes|)ondliig 

atrictl.v  to  the  ajnergido?,  the  nn- 

ti|KHlal  evils,  etc.,  observed  in  the 

flDgiospernis,  although  some  ho- 

niolugies  have  been  iwintcd  out. 
Ill  Boinc  ensi>s,  tike  that  Ogui-ed. 

there  is  a  sort  of  depression  at 

the   suoiinit    of    the   endosperm, 

which  lias  been  called  the  jmllinic 

chamber. 

1135.    ConUict  of  pollen  with 

the  ovule.     An   the    name   indi- 
cates, the  gj  iniiosiii-rms  are  naked 

seeded :  no  stigma  or  style  inter- 
venes between  the  pollen  niid  the 

ovule.     When  the  divided  |K)llen 

of  the  gjmnoiupcrm  falls  u|Kin   the   i 
Fiu.a 

B,  Ihe  HRia  emiillnt  lt(  (nbo^  /u,  tiHeU  iw 
luctlTo calla.    (Jantnyl.) 

rra.  2H,    LonEJlorllnil  Kvllon  of  tlie  DDCellu  of  His  rwkal  <» 

pEHiiIa,;  p.  ■  pollen-SnlB  wlikti  hu  tRotiodoJ  tt>  largn  lulvM  fiuu  ilic  lUipaaclM, 
IStmburfH.) 
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flnda  there  a  certain  aiuouiit  of  moisture  hv  tncniDi  of  wlii(.'h  a 
tiilie  is  fonnwl  from  oop  of  the  large  wlU.  This  extends  directly 
into  ttie  tissue  of  tin'  nncelliia,  eomiiig  snoniT  or  lat^r  into  fun- 
tat't  with  tho  summit  or  the  enil>rjnniil  snc,  and  then  atTeeting 
the  eor|)iiseuleB  below.  From  the  feililizcil  vurpuscule  the  embrjo 
is  developed.' 


'  For  Ih"  piirpuso  or  HRbrdiiig  «ome  niMiis  iif  iMnipAriMn  of  llie  niBthailt  of 
(Tproiluctioii  in  IloMrpiing  plants  iml  iu  those  of  a  luKFrgnJp,  llie  rolluwing 
brief  noti^  curii'erniiig  the  rcproJuction  in  fPTi^nl  of  tlie  graupi  of  Cryptoguiu 
havo  b«u  insert  wl :  — 

(IJ  No  Bcxunl  repmlnctlon  lias  ycl  b»«i  demoiutnted  in  the  very  lowert 
furms  of  vegetaCiim.  Such  )<UnU  sn  tnnnetl  Prolophf  Ics.  The  fiiiip  whivh 
km  uMcuted  with  fcniKnIation  And  iiutrcractiDO,  ind  i-crtaio  of  the  siiDpltat 
»Ig«,  •[*  examples  of  tho  gim>\>. 

In  tho  study  of  ihc  Protophjles  tho  tu^nner  can  rianiiBe  siith  profit  tbo 
cells  of  mmmm  yaiM.  Cum  Rlinald  ho  taken  la  <)i9tiliguish  brtn'een  the  eelli 
of  tliB  plant  und  the  gmius  of  starch  with  which  eotnpmssed  jeast  is  generally 
issocialed. 

TIlo  aiinplu  une-celled  plsnls  with 
chlorophyll  whieh  bvlong  to  this  gnnip 
csn  be' found  in  almost  any  sla^ant 
water.  Tliry  are  spherieal,  and  are  tn- 
■{uently  erouiml  in  two*  or  fonts. 

(!)  The  sexual  pncnn  in  Zyf[ophytea 
is  vhancCerixcd  by  the  cnnflurnce  of  tba 
pruiopliMiiiie  aiasa-s  nt  Ivo  Teiy  limilar 
celli  by  which  a  new  niua  ii  rann«d 
as  the  startlng-piiiat  of  the  new  indi- 
TiiliMl.  In  most  of  these  iygo|ihytca 
tbore  la  no  plain  dixtini^tioD  of  an. 
Koms  of  the  lanvr  moulds  and  many 
of  The  niamentons  alga)  sn  enuBplts 
of  tht  group. 

Kxcelknt  specimens  for  >ln>ly  may 
he  found  in  stagnant  or  ilow.runnjng 
water  in  api'inK  and  Ihinngh  the  num- 
mn.  By  careful  •ror^h  it  is  pnuibla 
to  detect  coiea  in  wbtch  Ibe  proitcM  of 
cotgugalion  lia*  sdranceil  auinewhat : 
iui^h  ■p«dniens  nm  be  kept  oiidrt  ob- 
servation by  hating  the  slUlr  snWirJently 
worui  and  conslsutly  supplied  with  fresh 
water,  when  the  ditfcrent  stages  of  conjugation  a 

PlO.  M.     Splrnnra,  lllustisilni   the   mal*   of  fcrtlllullnn  In  ih*  ZT(n|-brtea. 
Apiiroilmatlxf  cells  of  two  lUsineul*  prixlnee  oircnMnii*  whU:b  btrnniv  i>injnlrw<l ;  Ibe 
IHtiCniiUiaile  msw  la  llieM  erlls  beeema  eanHuaiil.  Rinnlng  ■  tinfir  mum  wlikb  sTIer 
•*«t>lnc  bsonniM  slirtbMl  iritb  ■  nil-wall  and  •lereloiB  li  -        " 
OBlla.    Ill  lUs  COM  ihar*  la  no  spprKlaMs  dlsdneClua  of  sex. 
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ll.Tfi.    If.  wiw  formptly  (lioii»ht  thot  no  clenr  ftradatlons  coald 
bo  dfU'ctwl  iw-twwn  tlif  (lowrriiig  iiiawta  and  lUe  higher  groups 

{S)   OopUjrtw.     In  lhiBgrou[i  t  innwrnf  iirotojiInKm,  kniivrn  n«  an  otBplifn% 
it  fertiljiwl  tiy  ajKL-iftlUcd  thrrnds  or  slender  miuaea  of  jirvlutiliiiniic  uiiittnr 
teminl  antbrrmni'U.onnlng 
&om    uinther    pirt   uf   tL^ 
KUW    or    uf    inr'lhor   pluiU 

l(y  DontJiPi  with  tlirae  nn- 
Uii'nimi.lii  tlif  oijsjihi'r*  b«- 
ttm  a  an  oobiwit  iI  e  ibkrV 
lagiioalotuMviadlvMuml. 
In  IbtB  fcn  ]<,  r  which 
1-  s  or  rcnk  weed  in«y  ba 
k  n  A  VXD  [le,  iba 
at  n  «  •!  rrct. 
1  1  f  nam  nut  nnTllila 
gi<iii|i  lliE  atudrnt  may  etn- 
)>loy  the  (common  nwk-<re«l 
n-liirh  nir|irtB  th«  tuioldtrs 
■InnK  tite  conit,  Scctioiw 
thniilii  be  made  In  thr  un- 
pvru  puataUtnl  {wrt  nt  Iha 
frtiiul,  iiu<I  ill  n  viTlion]  dl- 
rri'Iimi.  OmhI  [irriHiratiDiM 
ran  be  obUitinl  fmrn  nuW- 
rial  ntliirh  nnx  been  ilrlril  or 
from   tbut  wtiich   liu  bMn 

kv[>t  [■■  ilciibul.  Hii-I  H'iLit'r  BpwimsnH  will  br  faiind  eapo'iutly  Rood. 
Sonm  of  tba  apei^ici  are 

iliai-lnni,  baviitjt  lhi>  nul« 

clvniellt*  in  tlii^  rcmci'lilacin 

nil  oni-  filnni  anil  llir  frnialc 

cIcniPnM  in  IbOM  u|>iin  nn- 

(O  (■■ri<o|*yl.-9.  Tlie 
■ilnplnat  pUnt«  of  thii  hft- 
ernfp-npoiM  Rmitp  air  illiin- 
trated  by  Fi«.  211.  Tho 
ovutpliTn  ia  ciiTitaiiK-il  in  a 
Hpri-idliwd  nritaii   (tho  mr- 


pog..ii 


m).   wbirh 


fin- 


■[uenlly  pmliingeJ  to  form 
n  itylr-like  proiwsi  (tbn  tri- 
chogyiM).  Tb«ai>th«nHK)ida 
U«  caiTli<d  by  wntor  to  this 


Fin.III.  Vvnullnn.  I.-IV.,*i!U'|»fl>rl<'< 
■  rui^ivnil'itn-o.  >1lh  Ih*  trlnlxifrin,  t(f,aprr 
llMrliJluia.a.a>r|>-can|gni,*iKl/  rlparnilt;  r,i 


l„al.niu'h>1i<>wlnKantIim.1la,n.nHI 

allnnil.    V..  L>J<>1b>iB«<I.IUltilig  A.UK 
itanHni^P""*  (TliaratandSonMtJ 
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of  Bowerlpsfl  plnnts.     Compnrative  in  vest  ignt  ions  have,  however, 
shuHii  tlial  fiiK-ti  gi-ailationa  do  exist,  anil  lliat  llie  dtain  of  exial- 


rrrtiliiiatuin  ia  shown  ill  tlis  Ti^un*. 
tlin  )iliu.'i:  U>  a\w*V  j  llirir  Irciitiui't 
Mujr  bo  luaknl  Tur  ill  Voluini'  III 

Spacimoiu  for  thii  clenmnaliution  of  tlie  itinerant  atagra  of  raptwlucUun  an 
to  b«  prociinM  at  iliHV rvnt  wiminn.  A*  will  Im  «.■*»  fnrni  ilir  lijtura,  iiHWt  of 
th*  fcatum  are  ao  nearly  atipcHioiol  u  tu  ored  no  particular  arcUoiig  for  tlieir 
exliibition. 

(S)  Trua  ntMaoa  and  tln^ir  allies  are  t'lianulrrinj  lif  the  pownuoo  of  in 
uchripininm  or  lUsk-sbapril  liodr  contaiuing  a  wotml  cpII  in  which  ia  clia 
ouajiliar^  Tlio  oonplirri!  ix  fpniliteil  hy  iutmnliaM  contact  with  anthiiroEoitta 
whieli  are  fonnol  in  anthenilia ;  aa  a  iviiilt  of  tlto  rartilixatioD,  there  ia 
proiliiui^  a  kpnre-ciui.-  RIM  witli  apotra. 

In  tha  etiunination  of  tlie  fmciillciitiaii  of  a  mon,  the  pljint  itiu^t  In  laVi>n 
at  an  rarl)'  ujigf,  nuil  amti'li  niuxt  La  niade  for  the  utiOMl  or^uu  liy  l«lnll^a]  of 
the  Hower-tiku  cliisfr  of  li-avoa 

at  the  summit  of  llin  niiniita  ^■ 

aMik.  TriliiiraiiKival  issiK-cna- 
fully  performoil,  and  the  plant  ia 
in  tlin  light  mndician,  a  group 
of  thmuU  like  Ih'ue  »\mvn  in 
thi-  Agure  will  be  plaial;  mod. 
Amung  IhcM  are  to  Ik  found 
■ome  flaak-Ulce  hodips,  the  arohe- 
gonia,  and  eltbar  on  lli«  wmi? 
reniptacle  or  on  anothrr  plant 
of  thn  tama  apmifta  tha  male 
orgina,  one  of  whiuli.  grratly 
raaKDifi'd,  ia  abown  in  Fig.  213. 
Under  a  rwy  higli  powi'r  tlie 
(Mapiii);  BRlhenKEoiiU  can  be 
a«rn.  When  fartlliialiaii  bai 
takou  placi  thx  anhpj^niuiii 
eo«  on  in  ita  >1nvelopniiint,  1«- 
luiiiing,  «riM  many  int«niiediata 
■tepa.  tha  cafiaale  or  "fniit"  of 
thn  ntoi^  roverwd  hy  a  inrt  of 
liooti  or  cap,  and  lightly  rloaol 
at  ilH  moiilli  bya  lid.  RumoTal 
of  Ilin  lid  iliaulon*  the  teeth  of 
the  mouth  (periitomc)  and  llie 
iporea  irithin.  [.')>un  ^rritiina- 
lion,  a  apnre  pvea  riM  to  oleiMrr  m 

tiliRienla  among  which  is  pro- 
•lui-ed  the  mi:iute  mag»pUiit  vith  the  acxual  ot^na  Rf!UtvJ  in  the  sketch. 
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encvs  is  prncticall}'  iinliroken,  n?acliing  from  the  lowest  to  tin 
IiiglieBt  fonns.  Tlio  chnratt^r  nf  this  evidcntTe  will  appear  io 
;  or  tbia  scries. 

IS)  True  rcrni  rihildt  Ihe  folloiriiig  pliiniomFtui  of  rFTtitiitiiliaii,  On  the 
lack  of  Uw  frond  tlure  an  ronued  «lM>Ra  in  Bpon^cimra,  whirh  ■n*  nrimiBlj' 
pvii])td  nnd  {irnUcted. 
The  sporrs  on  rrofblng 
a  lit  Enrriicc  «uaii  K'tve 
rii*  W  thin  lilinB  (pro- 
thatli).  un  tlia  nnitet 
aide  of  whii^h  an  pri>> 
KTiual  or- 
fTins,  all  of  which  mn 
■hon-Q  in  tbo  fi^m. 
Ab  ■  nault  of  thf  pr<>- 
eenorrertilizBtinnthrre 
is  piudiiccil  ■rvm-plant, 
whii-h  at  it'  ailnlt  age 
liears  the  sporrs  alwTa 

In   any  frrornhouM 

whuff  frriM  HI*  Icpirt  ft 
is  pasy  Id  proenre,  by 
carrtnl    sHtn-li    no    ih* 

wil  of  thf  flniT»r-fiotB^ 
aUiniiann-  nl  the  p 

lhalUinilirr< 
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1ID7.  Contrast  between  tton-wxaal  and  sexual  reproduction  u 
regardti  reitnlts.  In  non-scximl  rc|irodiR'tioii  a  itirtnin  [lortion 
of  living  umtlfv  is  si-piii-ated  Trom  ilic  rest  of  Ihi-  liviug  nialtcr 
or  the  plant,  ami,  oomiiig  under  Tavoialili'  coiiilltioDs,  piireues 
an  independent  oststcnco ;  in  a<.'xuul  reproUmtion,  two  poitions 
of  living  matter,  from  ditTtifnt  parts  of  ihe  orgnnism  or  from 
dilTerent  nrganisms.  unite  to  constitute  u  new  individual. 


>  pivKT  of  UDjjliucd  eanliciinorp,  for  instanctt  a  broken 


]>ol,  wliii!h  hu  been  ftnt  boiled  Tor  a  time  ir 
moalils,  a  f««r  itiinres  ntv  lo  be  light); 
dantt'd.  If  the  wholt  Is  I'OTcml  bj  m 
bell-jar  aii'l  kept  dark  nnd  wurm,  ahcr 
a  mrtain  tuiiu  tlie  ilelii-aM  llliin  cill  W 
detected  and  cwi  then  be  Imciil  tlirough 
thrlr  develutmipul. 

(7)  Some  of  the  allies  of  ihe  Tenia 
jimdiiM  si>om  of  morr  than  ono  lort, 
dilTeriDg  In  aiis  anil  siibaeijuent  devel- 
opment. Tho  InrRer  aintss,  known  u 
maoros|Knvs,  givii  tiae  to  an  incIiiiW 
prothalln.1  wbicti  mbawjiiently  bn-omea 
Kxpodnd  at  one  portion,  whdrt  then  ia 
devrlopi-d  an  uvbefconium  (orsouwtiliiM 
mora  than  our).  Pnrvioua  to  or  ooin- 
cidfDt  nilli  tliis  devrlojilin-nl  there  ia 
formed  wjtbin  the  kporo-walU  n  jicvuliar 
tiaaiie  which  Iiim  Imkii  ItHnnl  the  eiido- 
■penn.  and  which  ia  rrennled  as  tlio 
boniologne  of  ilia  riidos[irnu  in  gymno- 
■penuniiB  am-da.  The  anialler  K|iorea  ara 
dennniiDRted  niiiroapotv^  nnd  iniiauc  a 
peculiar  coiirw  i<t  di-reliipiuent.  Uiis 
at  the   wlh  (uililatn   niore   than   one)  m 

rrmaiiis   caaentially   navbangn),   ahite 

the  othera  give  riie  lo  the  iiidIIkt-cdIU  of  the  Rntbcrazoids.  It  ia  Iherefo™ 
thought  praiier  tu  consider  the  sterile  veil  aa  tlie  hotnologue  of  a  ndinKntary 
nial*  protliallus,  and  Ihn  iiihrre  of  nidimeulary  anthoridu.  From  the  inother- 
oella  HTc  [iruduced,  aooner  or  kter,  tbr  aaiheroioida  If  which  tlie  utvlirgoiiiiini 
ia  frrtilixed. 

If  th«9i!  alliea  of  tbe  ferna  are  i'oiu|inrnl  with  tlie  aogioagienna.  wula  diUer- 
enns  are  found  to  etlat  which  i:aii  be  Lridgnl  ovtr,  in  [Hirl  at  Icott,  by  the 
gyniiioaperma.  Heoce,  in  aiinie  ayxtema  of  uluriflcBtion  the  gyujuu>]>ernia  ara 
plaevd  between  the  angjoapornia  and  crypt<^nnu  inatead  of  bctwwn  Ibe  mono* 
cotytedona  and  dicotyledoiia.  ' 

Flr.314.  ScIat^rwHa.  ^.F.  Ri[fTaainr«a  In  illlhreiil  itagia  of  hintialloii  of  Ibe 
ui'lioriilla  O,  w,il>fm&>hl|  //,  kxII*  Inndtadlnal  Kotlnn  of  ■  marroafmn  Am  w»ka 
■ner  fen  1 1  law  Im  I,  but  h*(a»  (■ruliullun;  r.  TncllDHmlarjr  pmtiallui  at  tlie  mtcro- 
apuroi  p.  prulhiillM  nf  the  macnialnra  wlUi  threo  anLeguiila 
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1138.  The  new  individual,  for  instance  a  bud,  arising  from 
non-sexual  reproduction,  generally  rejieats  in  itself  all  the  pecu- 
liarities of  the  organism  from  which  it  Ux)k  its  origin ;  the  new 
individual,  the  si*ed  or  s|)ore,  arising  from  sexual  reproduction, 
usual!}'  ditlers  in  some  particulars  from  the  organism  or  organ- 
isms by  which  it  was  pro<luce<]. 

1139.  Hence,  in  the  higher  plants  individual  peculiarities  are 
perpetuable  bv  bud-re[>ro<luction,  whereas  the  seed  gives  rise  to 
variations.  If  the  horticulturist  wishes  to  keep  the  descendants 
of  a  given  stock  true  to  all  the  characters  which  give  them  value, 
he  relies  upon  some  method  of  multiplying  the  plant  by  buds ; 
if,  on  the  contrary,  ho  desires  to  induce  or  increase  some  varia- 
tion fVoni  the  stock,  he  maki»s  use  of  seeds. 

11-10.  The  ordinary  horticultural  o[>erations  by  which  buds  are 
severed  from  the  parent  stock  and  suitably  placetl  for  further 
advantageous  di»velopment  are  :  (1)  layering,  —  the  fastening  a 
branch  in  earth,  so  that  while  yet  connected  with  its  main  stem 
it  may  form  new  roots  and  afterwards  live  independentl}-  of 
the  stem ;  (2)  the  forcing  of  cuttings  or  slips,  which  in  con- 
genial soil  will  produce  a  supply  of  roots;  (3)  grafting,  or  the 
transfer  of  a  shoot  (a  scion)  from  the  parent  plant  to  some  other 
plant  by  which  it  can  be  nourished ;  (4)  budding,  the  transfer  of 
a  single  bud  to  another  plant  (sec  42G). 

1141.  While  in  most  cases  buds  produce  shoots  or  plants  very 
closely  resembling  the  parent,  it  sometimes  hap|>ens  that  re- 
markable variations  arise.  These  are  known  as  bud-variations^ 
and  are  (H)mmonly  called  sports.  In  general,  when  once  oiigi- 
nati'd  they  are  [)erpetuable  by  any  of  the  processes  of  bud- 
propagation  just  descrihed,  but  are  not  likely  to  be  reproduced 
by  seed.  From  the  long  list  of  them  given  by  Darwin  only  a 
few  familiar  cases  are  here  mentioned:  (1)  the  moss-rose,  from 
the  Provence  rose  (Rosa  centi folia) ;  (2)  Pelargonium,  giving 
rise  to  numerous  varieties ;  (3)  Dianthus,  Sweet  William,  Car- 
nations, and  Pinks,  which  vary  very  widely  in  cuttings  from 
a  single  plant. 

1142.  Many  of  the  cases  of  sjwrts,  especiall}'  those  which  have 
descended  from  hybrids,  are  attributable  to  reversion  to  an  ances- 
tral form ;  a  few  seem  to  l)e  dependent  on  changes  in  the  sur- 
roundings;  while  others  have  been  attributed  U)  the  influence 
exerted  hy  a  graft. 

1143.  Ordinarily  the  scion  produces  no  marked  effect  upon  the 
stock,  and,  conversely,  the  stock  exerts  no  eftect  ui>on  the  shoot 
growing  from  the  seion.     But  when,  for  instanc*e,  some  of  the 


cvTisDs  ahami. 
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Tarl^nftHl  forms  of  Abiitilon  Imve  boeii  gradeA  on  grppn-lonved 
stocks,  1  hey  lift ve  hccii  known  to  !l(T(^t't  m^ny  oftlic  snbseqiu'iit 
8tiO()ls.  fitit-h  cBsoa  are  known  aa  graft-hybridg.  The  most 
mnarkaWo  cxaniiilo  is  tlial  of  Cylistis  Ailnini.  n  form  midway 
between  C.rtisns  labitrnum  nml  purpnriMis.  Of  this  plant  Durnin 
flavs :  "  Tbrongliout  Enrojic.  in  ilifffrent  soils  an<l  wniltT  ditfcri^nt 
cirmntes,  bnindies  on  this  tree  Iinve  I'Oiietitcilly  and  snddenlv  re- 
verted to  hotli  parent  spi-cics  in  their  flowtrs  and  leaves.  To 
behuld  mingled  on  tlie  same  tree  tufts  of  dingy  red,  bright  yel- 
low, and  piirjile  flowers,  Itorne  on  bi-nnclies  tiaving  widely  differ- 
ent leaves  and  manner  of  growth,  is  a  snrprising  sight.  The 
stiniti  raeeroe  sometimes  bears  two  kinds  of  flowers,  and  1  hnvo 
seen  a  single  lluner  txautly  divided  in  linlves,  one  side  Iwing 
bright  yellow  and  tliu  other  purple;  so  that  one  half  of  the 
staiidaril-petal  was  yellow  and  of  larger  size,  and  the  other  half 
pnrpic  and  sinnller.  In  snolher  flower  the  whole  eorolla  was 
bright  yellow,  bnl  csaetly  half  Uic  calyx  was  pnrpic.  In  an- 
other, one  of  the  dingy-red  wing-petals  bad  a  bright  yelluw 
narrow  stri[)e  on  it:  und  lastly,  in  aniither  floner  one  of  tlio 
stiimciis,  which  hod  become  slightly  foliaeeoiis,  was  half  yellow 
and  half  purple  j  so  that  the  tendeiiey  to  segregation  of  char- 
aeler  or  reversion  alfeets  even  single  pnrls  and  organs.  Tiie 
most  remarkable  fact  about  this  tree  is  that  in  its  Intermediate 
state,  even  when  growing  near  both  its  parent  speeles,  it  is 
qnlte  sterile ;  hut  when  the  flowi-rs  Iwcomu  jmre  yellow  or  pure 
purple  they  yield  seed,"  Passing  over  the  views  expre«sed 
by  many  that  Cytlana  Ailnini  is  a  hilirld  pi'oduceJ  by  seed,  the 
aei'onnt  of  its  origin,  qiioteit  hy  Darwin.  Is  heiv  given.  H. 
Adam  inserU-d  a  nhii-ld  of  Cytisns  laburnum  in  the  stem  of  C. 
|iur)>nn'iis ;  tlie  bnd  lay  dormiint  n  year  nnd  then  produced  a 
shtiot  which  was  rather  mow  vigorous  than  I  hose  of  C.  pnrpnrena  ; 
tbis  shoot  was  piopagnted  ami  the  plants  therefi-om  were  sold  as  a 
variety  of  Cylisns  purpnrens,  Iwfore  they  bad  come  into  flower.' 

'  Till-  «wimnt  or  the  bml'Knz  «r«ii  puWinhftl  ■ftw'  \^ry  hwl  Bowcrrd.  bat 
brfort-  this  pttraariiinary  iKnUrncjr  W  t**prB«>n  hut  hw^  mmiirnUi).  Upon 
■  niriiw  of  tl.c  tcolinioiiy  Htrwiii  wm  inelin»l  to  ■M*pt  Ihe  fun-Boiiig  aocuunt 
of  iLr  uri»iii  of  Cytl«UB  A'l»nii  u  a  gma-hjbrM  u  trnr.  OtliM  nuas  sn  to 
br  (ilnenl  In  the  Mme  »tqtor?. 

Vvt  »  fiiH  nutcmnit  of  btiJ-mriBtinni  bihI  gwft-hyT'riiU  tlis  ■litdent 
ilir.nl.1  r>-ad:  I>«ri>i:i.  V«ii«lion  in  AninaU  «i><l  Pliiiiu  imitfir  noroc«lifMion. 
ISrtS.  Till.  I,  chap.  xi.  :  •1m  FoHtn.  IH*  rBiiiKen-niischlinge,  1881,  p.  S1». 
In  thp  Iflttrr  in  un  inli'r<'atiu)t  account  of  the  uiixnl  onuj^t  (Rliard*>.  Cnn- 
■ull  .Uo  Bnmo.  On  iIb*  fhonommnn  nf  ItfJareBUMinu  in  Ssiurt  (Bay  Bodrty, 
lg&3>  :  an')  DxniMTiiiB  {Mpen  hj  Cn]i«fy. 
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1144.  Apo^mj.  The  prothallns  which  develops  from  a  fern- 
spore  lK.*ars  iipc>n  its  under  side  Uie  sexual  organs ;  from  their 
inU'nictiou  a  i)ud  is  pro<lucred  which  grows  into  tlie  feni-plaut. 
Farlow*  lias  shown  that  in  some  cases  the  pn>thallus  can  give  rise 
to  a  bud  without  sexual  intervention.  l)e  Harv  '^  has  traced  out 
the  connection  between  this  mode  of  budding  and  that  which  is 
found  in  certain  other  plants.  To  the  abnormal  budding  of  the 
prothallns  and  homologous  structures  be  has  given  the  name 
apof/awi/. 

114.J.  Parthenogenesis '  is  the  production  of  an  embrj'o  with- 
out the  intervention  of  |)ollen  (or  the  equivalent  of  pollen  in  the 
lower  plants).  CcclelK>gyne  ilicifolia,  a  species  belonging  to  the 
onler  Eu[)horbiace(e,  has  been  known  to  produce  seeds  with  more 
than  one  embrvo,  and  without  access  of  i)ollen.  It  has  been 
held  by  some  that  the  embryos  in  this  case  are  formed  from 
oospheres  which  had  not  been  fertilized,  but  investigations  by 
Strasburger  indicate  that  they  are  adventitious  outgrowths  from 
the  cellular  tissue  of  the  nucellus,  and  are  outside  of,  not  in,  the 
embrvo-sac. 

In  some  other  cases  examined,  Strasburger  regards  the  forma- 
tion of  embryos  outside  the  embrvo-sac  as  dependent  upon  the 
fertilizalion  of  the  oiisphere,  but  in  only  one  case  of  this  kind 
did  he  observe  any  embryo  form  also  from  the  fertilizeil  ods|K)re. 

1140.  Polyembryony,  the  production  of  two  or  more  viable 
embr3'os  in  a  seed  after  the  manner  just  described,  is  of  frequent 
occurrence  in  oranges,  onions,  and  Funkia  (Day  Lily). 

1147.  Fertilization  in  different  degrees  of  consangoinitj.  It  has 
been  shown  in  Volume  I.  that  **  no  two  individuals  are  exactly 
alike ;  and  olFspring  of  the  same  stock  may  differ  (or  in  their 
progeny  may  come  to  dilFer)  strikingly  in  some  particulars.  So 
two  or  more  forms  which  would  have  been  regai*ded  as  wholly 
distinct  are  sometimes  proved  to  be  of  one  species  by  evi- 
dence of  their  common  origin,,  or  more  commonlj*  are  inferred 


*  Quart.  Jouni.  Mic.  Science,  xiv.,  1874,  \k  266  ;  Proceedings  Am.  Acad., 
ix.  p.  68. 

2  Hotaniselie  Zcitmig,  1878,  p.  449  ct  acq, 

8  Bmun:  UlIkt  Parthenogenesis  bei  Pllanzen,  1857;  Hanstein  :  Die  Parthe* 
nogcnesiH  tier  ('(elcho^^anc  ilicifolia,  1877  ;  Hanstein  :  Botanlsche  Abhand* 
lungen,  1877  ;   Strasburger  :   Befruchtung  und  Zelltheilung,  1878. 

Cases  of  partlienof^enesis  oeeur  in  the  lower  plants,  where  they  have  been 
followed  out  in  eultures  continued  for  a  eonsidemblc  time.  Their  consideration 
belong  to  the  n«'xt  vohune  of  this  series. 

For  an  account  of  parthenogenesis  in  aninmls,  S(fe  Balfour  :  Treatise  on 
Comparative  Erabiyology,  1880  ;  also  Brooks  on  Heredity,  1883,  p.  66. 
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to  b«  SO  from  the  obscrvatioo  of  a  series  of  mtcrmc?diate  forms 
whitli  liiulgi;  over  the  dilTcrenfes,  Only  obser^utiuii  ciin  iiiruriu 
us  how  ruuc.h  different  is  (x>mi)aiible  with  n  (.■ominon  origin. 
The  gcuerni  I'esiill  of  observation  is  that  [tUinls  and  Animals 
breed  true  from  genenilion  tugeneialion  within  certain  somewhat 
indeterminate  limits  of  variation  ;  that  those  incjividimls  which 
resemble  each  other  withhi  ench  limits  inti-rbrced  f^'eely,  while 
those  with  wider  difTei-eiices  do  not.  Hence,  on  the  one  hand, 
the  nalnralist  reeognizes  Varieties  or  diflbreuces  witliiu  the 
apeeies,  and  on  the  other.  Genera  and  other  superior  assoeiatious 
indicative  of  remoter  relationship  of  tho  species  themselves." 

"  Most  varieties  originate  in  the  seetl,  and  therefore  the  fonu- 
dation  for  them,  whalevei'  it  may  be,  is  laid  in  sexual  reproduc- 
tion. .  .  .  Upon  the  general  principle  tlint  prt^eny  inherits  or 
tends  to  inherit  the  whole  cliaiuctcr  of  the  itureiit,  all  varieties 
niusl  have  a  lendenej-  to  be  reproduced  by  seed.  But  the  in- 
heritance of  the  new  features  of  the  iuiiucdiate  pai-ent  will  com- 
monlj'  be  uvci'ltorne  by  atavism  :  that  is,  the  tendency  to  inherit 
fVom  grandparents,  gi'eat-grniid parents,  etc.  AlKvism,  BCtitig 
through  a  long  line  of  ancestiy.  is  generally  more  jxiwei'ful  Uian 
the  heritlity  of  a  single  generation.  Hut  when  (he  olfspring  does 
inherit  the  i>ecnliarities  of  tho  immediate  parent,  or  a  part  of 
them,  its  oirspring  hus  a  redoubled  tendency  to  do  the  same,  and 
the  next  generation  still  more  ;  for  the  tendencies  to  bo  like  par- 
ent. grandi>areiit,  and  grcat-grandpai-eut  now  all  conspire  to  thia 
result  and  overjKiwer  (he  iuHuenoe  ofa  remoter  ancestry."  ' 

1148.  The  reproductive  elcmenta  in  a  complete  flower  may 
combine  tu  produce  an  embryo.  In  this  case  the  pollen  and 
ovule  have  originated  u\mu  n  single  shoot,  within  very  narrow 
limita  of  dilTerence  as  regartls  Uiv  time,  place,  and  comlitions  of 
their  development,  and  the  result  of  their  union  is  nhat  might 
l)e  expected,  ^  a  close  copy  of  the  parent  plant.  The  feeiiiida- 
tion  of  a  flower  by  its  own  poUeu  is  termed  clost-/irlilizutivn,  or 
seir-feitilization. 

1149.  In  cront-fertilization  ihc  pollen  fertilizing  the  ovule  of 
a  flower  comes  from  another  flower  of  the  same  species,  and  here 
tile  n-productive  elements  have  lieen  developed  under  dissimilar 
conditions. 

1 1  jO,  In  hybriiliz'itiiin  the  (lolleti  comes  from  a.  flower  of  a 
dilTerent  siiecics ;  and  in  this  case  the  conditions,  external  and 

1  Vulnmo  I.  YV-  31S.  319.  The  Ktndeot  i*  u>ge.l  to  review  vsrernll; 
t)io  folloirlng  aections  alao  ia  that  rolume  :  ftltf   to  Q40,   and  667  to  Wt 
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intrrnnl.  umlor  whieh  Ihe  reproductive  elemenW  hnvp  been  pro- 
(luLi'd  art-  widely  dissimilnr, 

Tbc  meclianisiii  by  which  close- fertilizat inn  is  secured  in  suuie 
Instances  snd  n)>solii(cly  prevented  in  otiiers  hiis  been  fnlly 
explained  in  V'olitme  I.  The  account  or  the  mechanism  is  now 
to  Ik>  siipplemcntt'd  l>y  n  slalernent  r^f  the  results  of  reproduction 
in  tlie  different  degrees  of  relationiliip. 

1151.  Tlie  rrsvlts  of  cIeM>-fertilIzatlon  contra.it«it  nttli  thoM 
of  cross-t^llllsntlon.  It  lins  long  l>eeo  linonn  lo  cultivators  of 
plants,  tliat  in  order  to  keep  llie  desirnble  varieties  wliich  are 
under  cnllivution  "  true  to  seed  "  llifv  must  be  close  bred  ;  that 
is,  all  pollen  Trom  other  varieties  of  llie  ssine  a|>eeies  must  lie 
exoluded.  Tlic  whole  subject  is  best  iliustraled  by  reference  to 
tlic  nnmernua  ex|icriinents  by  Darwin ;  the  exliaustive  nature  of 
whicii  is  indifBted  by  an  account  of  a  single  seiics  given  nearly 
in  his  own  words. 

1132.  The  plants  ex]>erinicnted  niion  in  nil  cases  wciv  raiseil 
fVom  carefully  ripened  seed,  and,  when  ready  to  flower,  were 
placed  under  nets  with  mesfaes  of  one  tenth  of  an  inch  in  dinmc- 
ter.  in  oitier  that  all  polien-canying  insects  might  he  excluded. 

A  plant  ori|K»m(Ea  purpurea  (Morning  Glory),  growing  in  the 
greenhouse,  was  protected  in  the  manner  just  dcscrik-d,  aller  leu 
of  its  fli)wers  bad  been  ItrlHized  by  pollen  from  their  own  sta- 
mens, and  ten  others  by  pollen  nvm  a  distinct  plant  of  the  same 
species.  The  seeds  from  the  first  ten  Sowers  may  be  ti-rmed 
ee/f-Jertilizeif,  those  from  the  other  ten,  crossed.  The  two  Icinda 
of  seeds  were  placed  on  damp  saud  on  opposite  sides  of  a  glass 
tumbler  covered  by  a  glass  plate,  with  a  partition  Iwtween  llie 
seeds,  and  the  glass  was  put  iu  a  warm  place.  Asofleii  as  it  pair 
of  seeds  germinated  they  were  put  on  op()osite  sides  of  a  pot, 
with  a  Buperflcinl  partition  between  ihem,  and  the  same  pi'ocediire 
was  followed  until  five  or  more  seedlings  of  esaclly  the  same  age 
were  [tlanted  on  the  opiwsite  sides  of  several  pots.  The  soil  in 
the  pots  in  which  the  plants  grew  was  well  mixed,  aud  the  plants 
on  the  two  sides  were  always  watered  at  the  same  lime ;  thus  the 
seedlings  were  subjected  to  practically  the  same  conditions  fi-om 
a  very  early  stage. 

In  the  same  manner  self-fertilized  and  cniasod  seeds  were 
secured  durina;  ten  generations.  The  results,  so  far  as  these  can 
be  shown  by  meusuremcnt  of  tlie  plants,  arc  exhibited  in  the 
following  table : '  ^ 
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73 

66.02 
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IIM.  The  rpgults  of  ilwse  riuI  citiss  fertilization,  as  eliown  hy 
the  wcigbt  of  tlie  seed -capsules,  ure  given  \>y  Darwin  thus :  ' '  The 
ofT^pring  of  intcreroased  plants  of  Ihe  nintli  genemtion,  crossed 
bv  A  fresh  stoclc,  coinpnretl  nitli  plants  of  ttie  sain«  stock  inter- 
crosswl  during  t«n  generations,  both  sets  of  plants  tefl  un<H)verpfl 
and  naturally  ft'itiUzed,  proilucwj  cnpeuks  by  weight  ns  100 
to  51.'"      •' 


'  Thp  following  BHiiim»r7(n«rwin:  EfTrcIs  of  Cross  mil  Srlf  FertilinHion, 
p,  59)  «hows  iDiira  of  ihe  rroiilu ;  — 

Firtl  genemlitn  /•/  enaaed  aiut  tilf-frrtUited  plitnU  •frmnng  in  eompetUioti 
vrilh  mif  axn/Acr.  Kxty>five  i'ii|»uli'a  protlucnl  from  Hovers  on  livi>  crottsed 
plants  fcrtiliznl  bjr  pollen  froni  a  ili«tiii«t  pUnt,  and  Kfty-tiTr  capeiilns  ]>ro- 
iIqpmI  rmm  flniren  on  Hvo  sclr.rertilucd  pIbhIs,  fi-rtnintl  by  thrir  on-n  {lollrii, 
nmtaiiiFil  RWds  in  thn  |iM|Kirtfoii  of I(K1  li>  VS. 

Filty-MX  ipontaiieoualy  wlf-frrtiliirfd  ci[Hal«  on  the  above  (ire  vroaani 
plant's  aoil  twanty-fivii  >i>outAn«nn«ty  »#If-f»Ttili*>'l  oapsulM  ori  the  abo**  (!»• 
Mir-roitilinN]  plant*,  yi»Me<l8wdi>iutlie  proporlion  of     .    .     .     too  m  US, 

Ciinblning  th*  U'tiil  number  of  op^ulvaprodutred  liy  thc«r  plunta  ami  the 
■rnxe"  niiinN'T  iif  ww^  in  nrli.  tli«  nlnrs  Croaswl  anil  wlf-lrrtilitrit  plant* 
yifldal  »i»ls  in  ttif  proportion  of 100  to  84, 

Olhar  pUnta  of  thin  i^eiinnliou  (t**>"n  nnder  unravomhle  ronitilionsand 
uly  aeir-tFrliliinl  yirlded  tenia  in  tb*  fiojiortioit  of  ,     100  to  " 
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1154.  "  All  the  self-fertilized  plants  of  the  seventh  genera- 
tion, and  I  Iwlieve  of  one  or  two  previous  generations,  produced 
flowei*s  of  exactly  the  same  tint ;  namely,  of  a  ri6h  dark  i>ur- 
ple.  So  did  all  the  plants,  without  any  exc*eption,  in  the  three 
succeeding  generations  of  self-fertilized  plants ;  and  very  many 
were  raised  on  account  of  other  exi)eriments  in  progress  not 
here  recorded.  .  .  .  The  flowers  were  as  uniform  in  tint  as 
those  of  a  wild  species  growing  in  a  state  of  nature.  .  .  . 
The  cn)ssed  plants  continued  to  the  tenth  generation  to  varj* 
in  the  same  manner  as  before,  but  to  a  much  less  degree, 
owing  probably  to  their  having  l>ecome  more  or  less  closely 
inter-related."* 

IITm.  In  the  sixth  self-fertilized  generation  there  appeared  a 
plant  which  was  larger  than  its  crosscnl  competitor,  and  its  pow- 
ers of  growth  and  fertility  were  transmitted  to  its  descendants. 
Thus  it  appears  that  even  with  the  exclusion  of  foreign  pollen 
new  charactci's  can  assert  themselves. 

1  loG.  It  was  not  found  in  these  exi>eriments  that  simply  cross- 
ing a  flower  from  another  flower  on  the  same  plant  was  produc- 
tive of  an}*  advantage ;  on  the  contrary,  there  are  some  cases 
which  show  that  it  may  result  in  an  actual  disadvantage.  ^^  The 
l>enents  which  so  generally  follow  from  a  cross  between  two 

Third  genr ration  of  crosM-d  and  K^f 'fertilized  plants.  Crossed  capsules  com- 
pared with  s<*lf-fertilizetl  caiwules  yielded  HCfds  in  the  ratio  of    .     100  to  94. 

An  eipinl  nunilx*r  of  crossed  and  self- fertilized  ]>lAntA,  both  spontaneously 
self-fertilized,  produced  capsides  in  the  ratio  of  100  to  38.  And  these  capsules 
containe<l  seeds  in  the  ratio  of  100  to  94.  Combining  thette  data,  the  produc- 
tiveness of  the  crossed  to  the  seU-fcrtilized  plants,  both  sjiontaDeously  self- 
fertilized,  was  as 100  to  35, 

FuHrUi  (jnurntion  of  crossed  ami  self -fertilized  plants.  Capsules  from  flow- 
ers on  the  crossed  i»lnnts  fertilized  by  poHen  from  another  plant,  and  caimales 
from  flowers  on  the  self-fei-tilized  plants  feitilized  with  their  own  pollen,  con- 
taineil  seeds  in  the  proi>ortion  of 100  to  94. 

Fi/fh  gaieratum  of  crossed  and  sclffrrtilized  plants.  The  crossed  plants 
produecd  si>ontaneously  a  vast  number  more  po«ls  (not  actually  counted)  than 
the  self-fertilized,  and  these  contained  seetls  in  the  j»roportion  of  100  to  89. 

Ninth  tjeiif ration  of  crossed  and  self-fertilized  plants.  Fourteen  crossed 
plants  8i>oiitan«*ou.sly  self-ft-rtilizfHl,  an<l  fourteen  self-fertilized  plants  sponta- 
neously self-fertilizfd,  yit'lded  rajisules  (the  aveiii^  number  of  seeds  perca]«n1e 
not  having  U'en  as<'ertaiiuMl)  in  the  proportion  of 100  to  26. 

Plants  drrivai  from  a  cross  xrith  a  fresh  stock  comjxired  tcith  intercrosaed 
plants,  Tl»e  otfspriiig  of  int^-nTosseil  plants  of  the  ninth  generation,  crossed 
by  a  fresh  st<M'k,  oomjmretl  with  plants  of  the  same  stcH'k  intercrossed  during 
ten  generations,  Ijoth  sets  of  plants  left  uncovered  and  naturally  fertilized, 
produced  capsules  by  wt-ij^ht  as 100  to  51. 

^  Darwin  :  Effects  of  Cross  and  Self  Fertilization,  p.  59. 
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plants  apparently  depend  on  the  two  difTering  somewhitt  in  con- 
Blitution  or  i-haructor.  .  .  .  The  mere  act  or  crossing  Iwoilistinft 
plnnts  wliicb  aru  in  some  degree  inter- re  luted  and  which  have 
been  BulyiH^U-d  to  nearly  the  same  conditions  does  little  good 
lis  coni|)iin'd  wjlli  that  fnim  u  cross  between  plants  bolon};ing 
to  (iiffen-iil  sttH-ks  or  ramilies  and  which  have  been  subjected  to 
somewhitt  difTerent  i-onditiona." ' 

1157.  In  Vokmie  I.  the  ditTerent  methods  l»y  which  cross- 
rerlilizntlon  is  efTceU'd  were  sutllcicntly  described,  but  ceitain 
s|M-ciHl  questions  were  then  purjKtaely  led  unanswered  ;  namely, 
those  in  regard  to  the  anatotnieal  and  chemical  nature  unil  the 
distrihntion  of  the  attractions  by  which  insects  are  allured  to 
flowers  to  insuie'eross-poliination. 

1158.  The  nectar  which  certain  flowers  olTer  to  insects  is  made 
known  by  color  or  oiior,  or  botli.  It  is  the  sweetisb  liquid  com- 
monly called  the  ■■honey"  of  the  flower,  secrettil  by  certain 
specialized  oi^ans  known  as  nectar-glands.  Mention  hasalready 
been  made  (4ri3)  of  the  occurrence  of  these  glauils  on  leaves. 
In  the  Bower  they  consist  usnall\-  of  siieeialiaied  pai-enehynja  not 
unlike  the  secivting  anrfacc  of  the  stigma  (see  1109).  They 
ore  sometimes  raised  by  a  static,  ov  ai/enojifKire.,  more  or  less 
above  the  surraee  or  the  floral  oi^an  on  wliich  tliey  are  de- 
veloped, but  often  not  clevateil  at  all. 

11. "iO.  Nectar-glands  may  occur  uixin  any  part  of  the  flower, 
npon  its  brads,  or  even  ujwn  some  part  of  the  flower-stalk  near 
it.  ITie  "  C'ow-pea "  of  the  Sonthcrn  States  alfords  a  good 
example  of  uectar-glantis  on  the  flower-sEalk.  Many  species  of 
Eupliorbia  have  them  on  bracts ;  tlie  common  Passion-flower 
and  the  cojton  plant  of  tlic  Sonlli  also  have  them  on  the  same 
organs.  The  most  remarkable  case  of  arrangement  of  the  glands 
is  found  in  a  tropical  plant.  Marcgravia  nepcuthoides ;  litis  lias 
been  thns  di'scribed:  "The  flowers  are  disposed  in  a  eirele, 
banging  downwards  like  an  inverted  candelabrum.  From  the 
centre  of  the  circle  of  flowers  is  suspended  a  number  of  pitcher- 
likc  vessels,  which,  when  the  flowers  e:(pand  in  February  and 
Uarch.  are  filled  with  a  sweetish  liquid.  This  liquid  altraeta 
insects,  and  the  insects  numerous  inscctivoroiia  birds.  The  flow- 
ers are  so  dis[K>seil,  with  the  st-iincns  hanging  downwards,  that 
the  birds  to  get  at  the  pitchers  must  hi  nsh  against  tJicui,  and 
thus  convey  the  pollen  from  one  plant  to  another."  * 

'  Darwin  :  KITncts  nf  Cnna  and  Self  Fcrtiluation,  p.  SI. 
*  Belt:  Xatonlul  in  Nioanguik  lS7i,  p.  12». 
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1160.  From  the  nectar-glands  of  proper  floral  organs  the  secre- 
tion of  nectar  is  generally  copious  and  is  prone  to  collect  in 
minute  cavities  such  as  shallow  pits,  or  in  conspicuous  8[)ecial 
receptaciles,  the  so-called  nectaries.  The  morphology  of  these 
organs  has  been  8ufl3cientl3'  described  in  Volume  I.,  Chapter  VI. 

1101.  The  speciflc  ^ayity  of  nectar  is  very  variable.  The 
following  figures  are  from  Unger's  *  determinations  :  — 

Agave  Aineri(7ana 1.05 

**      g(>niiuiflora 1.09 

"      lurida 1.20 

If  it  is  assumed  that  the  solid  matter  in  nectar  is  wholly  sugar, 
these  figures  would  correspond  respectivel}*  to  the  following 
amounts  of  cane-sugar ;  namely,  10,  18,  and  41.66  i)er  cent.* 

1 1G2.  The  period  of  moat  copioas  secretion  of  the  nectar  usually 
coincides  with  the  maturity  of  the  anthers  or  of  the  stigma,  but 
in  some  cases  the  nectar  is  preparetl  in  considerable  quantity 
before  the  flower  opens.* 

1163.  The  secretion  of  nectar  can  be  arrested,  as  Wilson  has 
shown,  by  carefully  washing  the  secreting  surface  with  a  jet  of 
water  and  then  drying  it  with  filter-paper.  Nectaries  which 
have  l>een  thus  made  inactive  through  removal  of  the  nectar  can 
be  again  brought  into  activity  by  adding  to  the  surface  a  little 
strong  syrup. 

1 164.  The  secretion  from  nectar-glands  is  not  dejwndent  upon 
the  pressure  exerted  by  contiguous  cells.  When  the  flow  of  the 
nectar  from  a  nectar-secreting  surface  has  been  arrested  in  the 
manner  described  al)ove,  a  pressure  of  even  40  centimetres  of 
mercury  upon  the  stem  is  insulflcient  to  [)roduce  an}'  effect;  but 
the  activity  of  the  surface  is  at  once  resumed  when  a  little  syrup 
is  placed  upon  it. 

The  secretion  of  nectar  can  proceed  even  when  the  tissues  are 
not  turgescent.* 

1165.  The  colora  of  flowers  depend,  as  indicated  in  477, 
upon  the  existencre  in  the  cells  of  minute  granules  or  of  colored 
sap.     The  shades  may  be  modified  to  some  extent  by  accidents 

■I  -  .      _  -      _  —  ,  ■■■.-■ . 

1  Sitzungsl>cric]ite,  Berlin  Akadcmic,  xxv.,  18r>7,  p.  446. 

2  Wilson  :  in  rntersucliungen  ans  tlem  bot.  Inst.,  Tiibingrn,  1881,  p.  7. 
'  Bonnier  :  I-«<*.s  nectain-s,  Ann.  des  Sc.  nat.,  s^r.  6,  tonio  viii.,  1879,  p.  6. 
*  For  (Ictiils  see  an  i!ni>ortant  memoir  l»y  Wilson  in  Unterencbungen  aus 

dem  }>ot.  Inst.,  Tiibingen,  18^1,  i.  p.  1;  also  an  excellent  pai)er  by  Trelease, 
'*  Neeiar  and  its  Uses"  (in  Krpoit  on  Cotton  hiNects,  IJ.  S.  Dept.  of  Agricul- 
tnre,   1879),  wbi«:h  contains  a  comprehensive  bibliography. 
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f  surfcce:  e.  p..  In  the  case  or  velvety  petals  the  color  U  oden 
floflcncd,  fiometimea  to  a  rcmarkalile  extent. 

IIGG.  Contrasted  colors  are  ofleu  seen  in  a  Bingle  flower.  In 
general  these  are  so  dis|Hi9ed  in  spots  or  lines  as  to  suggest  that 
tliej-  bear  a  direct  rflation  to  tlie  jioiiil  where  the  neitar  is  se- 
cretwl ;  hence  anch  color-marks  were  called  bv  S|)rengt'l  nccterr- 
tpota  or  neclar-f/uidea.  Hut  in  some  cases  flowers  have  eonspicu- 
ons  spotfi  wilhont  being  nectaiiferous ;  e.  g.  certain  poppies. 

IICT.  Darwiu  cites  the  folloivittg  ease  as  showing  that  nectsr- 
mniks  have  been  developed  in  connection  with  llie  nectaries; 
"The  two  upper  peLils  of  llie  common  Pelargonium  are  thns 
marked  ncai'  their  bases,  and  I  have  rcpcali-dly  observed  that 
when  the  flowers  vary  so  as  to  become  pclorio,  or  regular, 
they  lose  their  ncctniies  and  at  tlie  same  time  the  dark  maiks. 
When  the  nectary  is  only  partiiilly  aboitc<l.  only  one  of  the 
upper  petals  loses  its  mark.  Theivfore  the  nectni'v  and  these 
inarics  stand  in  some  sort  of  close  relation  to  one  anolher.  ant) 
the  simplest  view  is  that  they  were  duvcloiwd  together  for  a 
8pc<nal  purpose ;  the  only  coueeivable  one  being  that  the  marks 
eervo  as  a  guide  to  the  nectary." ' 

1  ItiH.  The  colors  of  the  flowers  in  certain  species  change  more 
or  less  alter  o[iening ;  thus  many  Borraginacefle  turn  fwm  red 
to  liIuD  even  during  a  short  space  of  time.  One  of  the  most 
interesting  cases  of  this  change  of  color  is  piTsenteil  by  Aniebia. 
When  the  flower  o|>ens  each  lobe  of  the  yellow  corolla  is  con- 
apicuonaly  marked  by  a  deep  purple  spot ;  after  a  few  hours  this 
begins  to  fade,  and  by  the  next  day  enlii-ely  vanishes. 

1 1 6!).  Of  all  colors  of  flowers  white,  pale  yellow,  and  yellow  * 
are  the  most  common. 


1  EflWti  of  Cro«  and  Self  Fcrtilizatiou ,  ISTS,  p.  S73. 

*  Tliv  founding  Islile  li;  Kohler  and  Sulikibolvr  (citKil  hj  Bnlfour)  rxhiblN 
th«  rrUlivi!  rm|ueno/  of  certain  culon  in  ibo  iilnnis  of  twenty -wvca  diStuvut 
flinilira  of  jilanU  :  ~ 


Color  or  domr. 

U^tSM^t^im. 

M«n  of  im 

3n7 

M 
U 

• 

IN 

Bt 

Ul 

n 

M 

a 

454 


REPRODUCTION. 


1170.  The  colors  of  flowers  have  been  variously  classified  ;  thus 
Dc  Candolle  divides  them  into  a  xanthic  (yellow)  and  a  C3*anic 
(bfue)  series,  both  of  which  can  pass  into  red  and  whit€.  With 
few  exceptions,  these  two  series  are  not  represented  in  the  same 
blossom. 

1171.  The  odors  of  flowers  depend  in  some  cases  (e.  g. 
orange-blossoms)  ui)on  the  presence  of  a  volatile  oil  which  can 
be  extracted  by  distillation  ;  but  in  many  other  instances  the 
odoriferous  principle  cannot  be  separated  by  chemical  or  other 
means. 

1172.  White  flowers  are  more  generally  fragrant  than  those 
of  any  other  color.  *•  The  fact  of  a  larger  proportion  of  white 
flowers  smelling  sweetly  ma}*  depend  in  part  on  those  which  are 
fertilized  by  moths,  requiring  the  double  aid  of  conspicuousness 
in  the  dusk  and  of  (xlor.  So  great  is  the  economy  of  nature  that 
most  flowers  which  are  fertilized  by  crepuscular  or  nocturnal 
insects  emit  their  odor  chiefly  or  exclusively  in  the  evening."  * 


>  Darwin:  The  Effects  of  Cross  and  Self  Fertilization  in  the  Vegetable 
Kingilom,  1876,  p.  374. 

Ac(*ording  to  Kohler  and  Schiibeler  (citctl  by  Balfoar),  the  distribntion  of 
odor  with  n»gard  to  color  is  as  follows  :  — 


Color. 


Whife . 
Yellow 
Ke.1.  . 
niiio  . 
Violet  . 
Green  . 
1  rani^ 
Brown 
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The  following  classification,  t^kon  partly  from  Trinchinetti,  as  cited  by 
Balfour,  indicates  the  diversity  which  exists  in  regai-d  to  the  periods  and  per- 
manence of  o<lors  of  flowers. 

(1)  Flowers  which  are  o<lorifcroua  at  the  time  of  opening  and  which  remain 
80  throughout  ;  c.  g.  most  Roses. 

(2)  Flowers  in  which  the  intei-missjon  of  o<lor  is  connecteil  with  their 
opening  and  closing  :  and  in  this  class  there  are  two  subdivisions  :  — 

(rt)  Those  which  arc  closed  and  scentless  during  the  day,  and  are  open  and 
odoriferous  at  night ;  t.  g.  Mirahilis  JalajMi,  Cereus  grandiflorus,  etc. 

(ft)  Those  whiih  are  closed  and  scentless  at  night,  and  are  opi'n  and  odor- 
iferous during  the  day ;  c.  g.  Convolvulus  ar\'ensis,  Cucurbite  Pepo,  some 
syKries  of  Xymphwa. 
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1173.  NecUr  is  protected  in  rarioas  ways  from  unwelcome 
insectfl  ;  that  is.  ri-om  thuse  which  cmimot  aid  cross-ferliliEation. 
The  rhief  of  tlietw  is  bv  the  structure  of  \be  Dower  itself  or  the 
luirts  In-low.  Chsracttrielie  odors  and  c«riain  (x>lors  may  voa- 
triliate  to  this  pr<it«.-t)on.  Thus,  as  MUller  has  [minted  out, 
dull  yellow  flowers  are  enliivly,  or  almost  entirely,  avoided  by 
bc-c'tles.  while  they  ar«  i*i&ited  by  Dlpt^^ra  and  Hytnenoptent 
(flies  and  bees). 

117^.  Iljbrids  are  the  offspring  of  eroased  &i>e(.-ic8.  But,  as 
shown  ill  Volume  I.  page  320,  the  limits  which  squiiatc  varie- 
ties rrom  speties  are  8on)et4mea  not  8haii»Iy  defined  :  henee  it 
hap)>ens  that  the  term  hi/Md  has  been  also  applie<l  to  trosses 
between  strongly  marked  rarielii-s  of  the  satitc  spei-ies.  Sueli 
offspring  slioiild,  however,  lie  termed  either  variety- hybrids  or 
cross-breeds,  and  the  word  hybrid  kept  to  its  projier  significa- 
tion. 

1175.  Wide  dilfercnecs  exist  in  the  degrees  of  eapacity  for 
produeing  hjbrids.  Thus  ceitain  closely  allied  a|>ecieB  cannot 
be  mode  to  cross,  while  others  much  nioru  remote  in  apiiarent 
relaiionship  arc  crossed  without  difHeulty. 

1176.  In  general  the  limits  of  capnclty  for  hyhridlilng  do  not 
extend  beyoud  Ibe  genus ;  n  few  luives,  however,  are  known  in 
which  s|>eeieB  usually  assigned  to  different  genera  have  Ijeen 
Biieeessfully  croasetl.'  Hence  it  cunnot  Im  known  liefiindinnd 
whether  the  attempt  to  cross  two  s|K-eics  will  1k>  suceosst^il. 

(.^)  Fbw'rts  whivli  *n  ftinyi  upeo,  bul  which  ire  odorif'TDiii  iit  an«  timo 
•nil  HvntU-n  ■(  inolher.     CniiVr  lliia  clu*  tlinv  am  *]>o  twa  *uUllvlii!on«  : 

(it)  Th'jsc  alwajH  oi«ii,  and  onl.v  txloKferoua  during  Uie  da;  ;  i.  g. 
Ceilmni  iliurnuiu,  Corenilli  gluica,  etc. 

(A)  ThiiM  klwuyii  o|iFn,  lad  onljr  odorireroui  at  nitchi ;  e.  g,  Coitmni 
noctuniiini,  Hrsjirri*  triitin,  rU. 

Id  nrtain  cuin  nioiv  are  i^rBn  nut  hy  dowrra  in  an  intermiltciit  laanDvr. 
This  in  stHkiD};]/  shown  in  *omE  of  ihe  lai;gcr  night-tlowcniig  «iwdcs  of 
Canlawai. 

Delpinu  hu  jri"n  iPIUriuri  Outer™ lioiii  nulla  DtFogBtnin  nrl  Ri^o  Yrgo- 
taU,  Igfl^lS71)  an  lUborntc  cluaifinliun  of  nJuni  oa  Ihrj  exist  tu  llnsen. 
Re  niiik«  nirly-liTi*  kiiiil*  whiiJi  ate  mdily  diitinguisbil.le  m  prculiar,  vblle 
betstrn  tliHw  kiud»  ihi-re  Hi*  of  t-otinv  innumrnlili'  giwUtiona. 

1  Fnrkn  nntM  that  hylirida  brtwrao  *pn-U«  brlonging  to  diffcrBBl  Krnrn 
an  fompanittrel]:  Mmmon  in  Ihp  rallovrinjc  ramiliei ;  (■•rTo|ihj-lla««,  Uilu- 
toDwnw.  Puailloni-nB,  Cai-Unv.  (i.-uteriimc,  (Irvhidamr,  AinaijIluUco, 
and  Cnliilrinr ;  and  tin  ritii  alwi  the  fallowing  Itutaan*  anlsiiln  of  tliBM 
fimtlie* ;  Bmufca  X  IU|ihAua<,  fluUani  X  Aipcruln,  CVnlMpogon  X  Sipbo- 
camiiyhui.  ('■■niwnula  X  I'hyleiiiiiii,  Vettaucnm  X  Ccliia,  Pbilnia  X  L^agarit. 
(FSuueU'UUMhlingp,  1881,  p.  IStf). 
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1177.  Ill  reciiirotal  livbiidizatioii  the  pollen  of  ^  is  effective 
wben  B)>|)lieiJ  to  Uic  islignm  ut'  S  ;  aii<),  coiivcrad.v,  Itiu  |k)Uvii  of 
B  is  [loU'iit  wlicii  nptilietl  to  the  stigiim  of  A.  Uut  it  somelitnt-s 
ha|ipena  tlial  Liu.'  lUlu  will  not  work  lioth  wa,VH.  Thus  tbt>  {>olleu 
of  Mii'iibiliii  liMigillora  was  found  Ijj-  KblreiiU-r  to  product'  liji  briila 
wlii.<n  Hpplicil  to  tlie  stigma  u(  MiraUlis  Jabitu;  but  tliu  {xilk-u 
of  the  Utt«r  was  vritliout  etUH^l  upon  tbe  stigma  uf  tbi'  rurmi-r. 
Olliur  enaes  nre  known,  but  tlie  laiisi!  of  lliis  f\tmonliiitii-v 
prt' fere  Due  is  not  umlerslood. 

1171^.  HybritU  nrc  produced  aitifieially  by  the  transfer  of 
(lollitn  from  one  speclea  to  tbe  etigina  of  wiollier  spoeics,  eore 
being  taken  U>  exclude  nil  pollen  oC  tbe  6e(x>ud  spevics  from  it< 
own  sUgDia.  The  poUen  ia  best  transferred  by  ueaua  of  a  sable 
or  eaiaul'a  bair  ifendl.*  Excluaiou  of  tbe  pollen  of  tbe  tlower 
to  be  ferlilincd  iniist  Iw  aeeiirutl  by  removal  of  Uie  antbera  before 
the  flower  opens.  This  is  easily  eftetiteil  by  the  use  of  delicate 
foruejH,  au  incision  being  carefully  made  in  the  side  of  tbe 
corulbi.  After  the  ai)plieaUou  of  tbe  pollen  to  tbe  stigma,  tlie 
plant  or  blossom  must  be  covered  by  some  close  netting. 

1179.  Following  the  application  of  the  pollen,  cbnngps  take 
plaue  in  the  fertilized  flower.  But,  as  Niigeli  has  |>ointL>d  out. 
tliese  changes  in  many  cases  fall  far  slioit  of  yielding  satisfac- 
tory results  to  the  exiierim enter.  Niigeli  describes  several  grades 
of  partial  furtilisatioii :  (1)  that  in  wbicb  the  ovary,  and  i»rr- 
baps  the  persistent  calyx,  grows  somewhat  without  appreciably 
alTeeting  the  ovides ;  ('2)  that  marked  liy  greater  growth  of  the 
ovary,  and  by  slight  enlargement  of  the  ovules,  which  aller- 
wnrds  shrivel  up;  (-t)  that  with  small  ini|)erfuct  fruits  with 
empty  seeds;  (4)  that  having  good  fruits  with  empty  seeds; 
{h)  that  with  normal  fruits  with  apparently  jwrfccl  sewls  wliidi 
have  no  germs ;  (fi)  that  producing  good  IVuiU  with  seeds  whioti 
have  only  minute  germs  incapable  of  furLher  development. 

In  successful  fertUization  tbei'e  arc  produced  good  IVuits  hold 
ing  sound  seeds. 


Saina  of  tlia  etata  in  whii^h  hybriils  iiavc  \ven  prmliical  lirtwcvn  the 
species  of  iliireceiit  gensm  sn'  given  by  NospU  (Biti.  d.  k.  Akiui.  0.  Wisi.  «, 
Uitnchen,  186G  and  180(1),  aa  follatra  :  ItliulixUiidmn  aud  \ia\ea,  Bhndnlon- 
dniufiud  ILhodnra,  Rhixltrs  mid  AmIm.  Hliwlodendroti  nod  Kslmiii.  Of  thow 
above  niEnti(in<'it,  Rhododcndioii,  UliaJam.  and  Aule*  an  now  iiUuod  bjr 
Bvatlmin  iixl  Uiioknr  tii  KviNglofinnua,  — liliudoili-ndrun, 

'  It  IB  uT  greit  iiii|wrtiti«  that  tlie  polkn  ihould  be  applird  at  eucttjr 
the  proper  (ifriuil  fnr  impresnalion.  This  ia  uaiially  indic»t»d  by  the  moistun 
of  the  stigmAtiu  snrfit^i:. 
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1180.  ir  lo  n  filigiiia  |i(>IIeii  Tioin  tivo  «i»-.'ii>a  isii)i|>lie<l  ^iinul- 
tancoiisiy,  uiily  lliut.  will  In  |>oU;iit  wlnc-li  lias  the  giviiU-st  ecxiial 
aftUiitj .  aitO  no  appaii'iit  oltl'irt  will  Itu  pi'odiii'eil  l>.v  llie  uttiur. 

IIHI.  AVUli  Buuiu  iviiiurkaljlL-  cxt-qilioiie,  hylimls  aliure  tli« 
geiicinl  ulmraoU'rs  of  tluii'  piiiviils,  ami  am  iiiU'i' mediate  Iwtwecn 
litem.  Il  somclimc-e  hapiieiis  lliat  pait  ur  tho  olfbiiring  of  a 
aiiigle  union  will  have  (.t'llitin  liiarai-ters,  while  tlic  rest,'  raisixl 
from  the  same  si'od-pucl,  iviU  (hisbcss  uthcrs. 

■  This  (11(1  urrtfliii  otber  i«inla  rcrrmi]  to  in  tliu  l£it  are  woU  illualntuil 
l>y  rliB  txM  of  Parkni*ii'a  Uly,  n-hkb  is  here  cIcmKLhI  iiimily  iu  full :  — 

"  My  tmt  utlMi<)it  WM  tu  L-omtnnii  the  two  Bti|>rrli  Jajiunrw  lilii^a,  L.  &i>ccia< 
•urn  (kncifbliam)  and  L.  aunitURi.  Tlie  former  nw  umiI  m  tbi<  ri'iiiilo 
IwrFiil,  Foot  iir  lint  rknelin  of  il,  VMylng  from  pure  wliile  tu  ilcep  t*4,  «»ro 
brought  forwinl  tu  yutt  nixler  glua.  Thin  wu  necoiMry,  Iwcauu  L.  apaiiaaum 
iIdu  not  ri|«u  itn  •r»d  in  IIid  opiMi  aiT  Sii  ihv  dinioCe  uf  Nvw  KndiUnil.  Wh<ti 
tliu  lluu'en  were  nii  tliv  {niiil  of  ojcDing.  Iliu  anthcr>  wrrv  circfull)'  rvnioTcd 
froiii  tlia  rxiMUidiii);  Luila  Uy  itii'BUi  of  lon-rjia.  An  Ibe  li<U*u  was  Hiilirrlf 
uuri)>e,  uiiil  UH  [witis  were  Ukoli  to  Imre  not  a  nitiglo  aiithir  tu  any  of  tho 
flowiui,  wlMoi(>i«i;iiiittaii  was  iaijaaiililo.  Tho  {■ollra  of  1..  aunluni  iras 
thvn  a[i|>IL«l  lo  tlie  j'UliU  aa  aoiiii  aa  ttlry  wrn-  iii  muililicia  (o  rtueiir*  it. 
Jniiirrgiiatioii  l«ik  |'1bcf  in  inusl  caMv.  Thr  sHiUtHHla  Ewetlvil,  and  promiacd 
ananiplr  croporarodi  btit  the  ci|>ctiniriil  was  «iinilnl  hy  Ilic  bad  maiugDinKnt 
of  iha  mail  iu  (^liarg*  ul  lliu  grcFiihoiisr,  in  couwijuenre  of  which  the  j^odi  n*iir« 
Miacknl  by  mihlow. 

"In  lite  next  ymr  I  rrpfatnl  tlie  attempt,  nilh  thr  saiur  prFciutinu. 
TbU  tima  tha  >i«d  waa  aiiitvarully  Hpciinl.  Bi-ing  aown  imniodiatct]-,  a  por- 
tion of  it  gnrminatinl  in  the  fol1owin)(  apriiii^  and  Ilie  mt  a  year  later.  Iti 
n^nl  to  ibis  stml.  Iwii  points  wera  nolicablc:  Hnt>  it  wa*  suanty,  ihe  poda 
(tliouich  Imking  m-ll)  titing  in  great  piirt  tilled  with  alnrtive  aead,  or  mere 
ohatTi  and.  next,  aui'li  guud  sMil  as  thi'rr  waa  diflVml  in  *]i]i«Knuvv  from  th« 
Rood  nl  tfao  umn  lily  rerlilind  by  Ibe  [«11rn  nf  its  own  aixwien.  Tbe  latter  i* 
BUiuutb,  whereiis  ttia  liybrtd  aeml  waa  miigb  and  vrinkled.  Abciut  fifty  youiig 
seodlitiga  resulted  from  il;  and  tlioir  ai-pcnmnte  was  very  cnt'ounnringi  brmute 
the  atenia  nf  nearly  all  ware  molllnil  in  a  manner  ctiaraeterialie  of  L.  auratiitn, 
Init  not  of  1_  apeeioniTU.  Here,  then,  was  a  plain  iDiliialiufi  oC  the  irilturliu 
of  the  male  parent.  The  Infunl  linlba  were  pricked  out  into  a  nild-fnune,  and 
left  lliare  tlirw  or  fuiir  yimni,  wliuu.  having  rtaehed  tlie  sUe  uf  a  [>igeiiu'a  egg, 
they  nrre  ptanted  in  a  bed  for  blooming.  This  tegg  in  IS6S.  Towanli  mid- 
Mimnii-r,  one  of  thi'  young  liyfarida  ihoived  •  large  floucr-hnd  inueb  like  that 

of  ita  male  pari<nt,  L  uutM Tltt^  r«kt,  abmit  lifly  in  all,  almwid  no  liuda 

nnlil  some  time  aher :  and  wben  Ihe  buds  at  Ir-ngth  a|)|Mired,  they  were  prv- 
ciariy  like  thoan  of  Ihti  Inatlr.  parvnt,  1..  aiieeiuanm.  Tbe  Bret  bud  opened  on 
Ilio  7lh  of  Auji^t,  and  jimved  a  tnsgnillwnt  flower,  nine  and  a  half  in'  li>«  In 
diameter,  rewmUing  li.  auratuiu  in  fragrance  and  fonn,  and  Ihe  moat  bril- 
lianl  rarirtiaa  uf  [..  atK>ulDanni  In  eotor.  In  the  ftjlowlng  year  it  nHsaured 
nearly  Iwrlre  inehei  frooi  tip  to  ^p  uf  tbe  extended  pirtala ;  and  in  England  il 
has  siucfl  reached  fuurlin:n  inrhea.  ...  In  this  one  inttanca  the  cxpeiitnent 
bad  liTfU  a  great  sucreHsi  hut  nf  tbe  remaining  fifty  liyhrida,  not  one  pnxlurad 
K  llMtet  in  tho  least  diatinguialiablo  fmm  lluit  of  the  pare  I.  aptciomni.    Tb* 
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1182.  Fockc  has  shown  th«it  hj'brids  between  reiiK>tel3'  related 
8|)ccies  are  generally  delicate  and  difficult  of  cultivation,  but  that 
those  which  ivsult  froui  nearly  related  8|)ecie8  are  remarkable  for 
tlie  vigor  of  their  vegetative  organs.  Niigeli  has  also  pointed 
out  that  the  latter  have  a  somewhat  longer  lease  of  life  than  the 
parents  ;  thus  annuals  can  become  biennials  or  even  perennials. 

1183.  llyl)ri(ls  between  closely  rchited  species  usually  have 
larger  or  more  showy  flowers  than  either  of  the  parents,  Imt  their 
reproductive  organs  are  much  weaker.  This  diminution  of  fer- 
tility may  be  complete,  but  it  is  usually  only  partial.  The  pollen- 
grains  are  generally  fewer  and  often  less  developed,  the  ovules 
arc  less  likely  to  atroni  sound  germs.  As  a  rule,  the  stamens 
are  more  affected  than  the  pistils. 

1184.  Derivative  hybrids  are  the  offspnng  resulting  from  a 
union  of  a  hybri<l  with  one  of  the  parent  forms,  or  with  another 
hybrid  from  a  <li(ferent  source.  In  the  former  case  there  is  fre- 
quently observ(Hl  a  marked  tendency  towards  I'eversiou,  which 
may  be  heightened  by  repeated  experiments  in  the  same  direc- 
tion, until  at  last  it  is  complete.^ 

1185.  Hybrids  and  their  offspring  exhibit  a  marked  tendency" 
to  vary.  This  fact  is  utilized  by  horticulturists  in  the  production 
of  new  varieties.  Varieties  thus  produced  must,  however,  be 
perpetuated  by  other  means  than  by  seed.* 

influence  of  the  alien  i>ollen  was  shown^  as  before  noticed,  in  the  markings  of 
the  stem,  and  also  in  u  diniini.<>hed  i)o\ver  of  seed-bearing  ;  but  this  was  all. 

**  In  the  next  year,  wishing  to  see  if  the  male  jmrent  would  not  make  his 
influence  n{>{)ear  more  distinctly  in  the  second  generation,  I  fertilized  several 
of  these  titty  hybrids  with  the  pollen  of  L.  auratum,  pi"e«nsely  as  their  fe- 
male parent  had  been  fertilized.  The  crop  of  heed  was  extremely  scanty ;  but 
there  was  enough  to  produ(;e  eight  or  ten  young  bulbs.  Of  these,  when 
they  bloomed,  one  l)ore  a  Mower  combining  the  features  of  lioth  parents ; 
but,  though  large,  it  was  far  inferior  to  L.  Parkmanui  in  form  and  color. 
The  remaining  flowers  were  not  distinguishable  from  those  of  the  pare 
L.  speeiosum"  (Bulletin  of  the  Bussey  Institution,  ii.,  187S,  p.  161). 

^  For  a  full  treatment  of  this  subject,  the  student  should  examine  Nigeli's 
treatise  in  Sitzungsberiehte  der  Kbnigl.-bayer.-Akad.  der  Wissenschaften  zu 
Miinchen,  18G.'),  ii.  ;  and  that  by  Focke,  IMlanzen-mischlinge,  1881. 

3  For  a  full  account  of  the  variation  of  liybrids,  the  student  should  see 
Kaudin,  Ann.  des  Sc.  nat.,  ser.  4,  1863,  tome  xix. 

For  a  study  of  the  inllucnce  of  loreign  ]u)llen  on  the  form  of  the  fruit, 
a  i)a(>er  by  Maximowicz :  St.  Petersb.  Aciid.  Sci.  Bull,  xvii.,  1372;  eoL  276. 
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118G.  Thus  for  this  treatise  has  dealt  diieflj- with  thephcnoni- 
ena  presuiited  by  the  oi^aus  of  otluU  t'laote.  (.'9i>ccially  while 
these  ai'c  in  a  healtliy  state.  It  is  necessary  to  consider  in  eon- 
elusion  a  siieeial  case ;  uaiiiely,  that  of  the  seed,  and  the  earliest 
phases  of  its  independent  existence. 

1 187.  When  a  fei-Lilizcd  ovnle  ainjroaLhfs  matmity,  ita  activi- 
ties liccomc  notably  lessened  in  degree  until,  with  jierfcet  ripe- 
ness of  the  seeil,  the  enihryo  manifests  no  indication  of  life.  In 
a  few  cases  llie  seed  is  so  precocious  that  it  will  germinate  even 
before  it  is  detached  from  the  paiviit  plant ;  but  there  is  usually 
s  period  of  susi>eiided  activity. 

MiiH.  Two  vidws  are  held  as  to  the  nature  of  the  life  of  the 
embryo  during  this  period  of  arresUxI  activity:  (1)  that  it  Is 
simply  potential,  and  may  be  roughly  compared  to  the  fire  in  a 
nml«-U,  ready  to  manifest  itself  under  favorable  conditions ;  (2) 
ttittt  it  is  a  elu^sh,  dormant  state,  which  ililfers  (ivm  active  life 
only  in  degree. 

1189.  From  the  flrst  point  of  view  it  is  easy  to  regard  the 
seed  as  representing  a  (.-ertain  amount  of  potential  enct^-  indi- 
rectly derived  from  solar  radiance,  and  held  for  a  time  in  a  con- 
dition from  which  it  may  l>e  released  in  many  ways :  thus,  it  may 
be  liberated  by  mpid  combustion,  as  when  corn  Is  burned  for 
fuel ;  by  slow  uxiilatJou,  as  when  seeds  decay ;  or  by  the  act  of 
germ  illation. 

1190.  The  second  view  takes  into  account,  although  it  does 
nut  explain,  the  slight  changes  which  take  place  tn  certain  seeds 
and  some  other  parts,  especially  buds,  dniiug  what  lias  been 
called  the  resting  state, 

IIUI.  It  has  been  stateil  (076)  that  many  seeds  cannot  Iw 
ma<le  to  start  into  active  growth,  even  under  the  most  favorablo 
external  conditions,  nntil  after  tlio  lapse  of  a  definite  period. 
Nothing  is  yet  known  as  to  tiie  exact  structural  and  other  chuugt^ 
which  go  ou  by  viitue  of  tills  peculiaritj . 
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1192.  Ripening  of  fhiits  and  seeds.  Tbe  stnietural  changes 
atteiuling  this  proc^ess,  tAkcii  togotlicr,  result  in  adaptations  for 
proviciing  the  ombrvo  with  an  ample  supply  of  food,  for  giving  it 
adequate  pn>tection  during  its  resting  state,  and  for  securing 
its  dissemination. 

irjt'J.  The  chemical  changes  comprise  chiefl\- the  storing  up 
of  a  suflieiency  of  f<Kxi  of  a  proper  character  to  8Up|x>rt  the 
embryo  for  a  lime.  In  pulpy  fruits  they  are  mostly  associated 
'with  the  consumption  of  a  certain  amount  of  oxygen  and  the 
liberation  of  more  or  less  carbonic  acid.  Many  of  the  chemical 
changes  can  go  on  after  the  separation  of  the  fruit  or  seed  fix>m 
the  parent  plant. 

In  the  ripening  of  pulpy  fruits  the  imi>ortant  changes  in 
texture  are  attendinl  by  the  formation  of  sugars,  acids,  etc.,  and 
b}'  mcHlifications  in  the  character  of  the  walls  of  cells. 

1194.  Dissemination  is  most  fix'quently  secured  by  (1)  some 
mechanism  for  transjx)rt  by  air,  water,  fleece,  or  plumage ;  (2) 
the  construction  of  some  expulsive  nppuratus;  (3)  the  existence 
of  certain  attractions  of  taste,  color,  and  odor,  by  which  the 
seeds  arc  made  the  fooil  of  binls.  In  the  last  case  the  germ 
itself,  pn)tectcd  a<i:ainst  the  action  of  digestive  juices,  is  often 
carried  to  groat  distances  from  the  parent  plant. 

1195.  Ripeness  of  seeds.  Tlie  embryo  is  sometimes  viable,  or 
capable  of  inde|H'n(lent  life,  at  a  very  early  stage.  Immatui*e 
seeds  are  of  coni-se  deficient  in  their  supply  of  proi)er  food  for 
the  embryo,  which  is  only  imperfectly  develope<i,  and  their  in- 
teguments arc  not  yet  adapted  to  protect  the  germ  adequately. 
But  in  certain  instances  such  seeds  may  germinate,  giving  rise 
to  strong  and  healthy  plants.  Cohn  '  has  shown  that  seeds  which 
arc  not  perfectly  ripe  germinate  somewhat  sooner  than  those 
which  are  more  mature ;  this  means  that  the  store  of  food  is  in 
a  condition  which  admits  of  immediate  use.  Me  has  further 
pointed  out  that  seeds  separated  from  the  plant,  but  still  enclosed 
in  the  pericarp,  ripen ;  and  he  believes  that  those  seeds  which 
have  reached  a  medium  stage  of  ripeness  germinate  most  readily-. 
*'  Viability  does  not  coincide  with  ripeness  ;  it  prec»edes  it."  * 

11 90.    Shortly  Ix^fore  the  period  of  ri|K»ning,  the  part  which 


1  Flora,  1849.  p.  4S1. 

'  TIhmc  is  sonni  n»ason  to  l)elipvp  that  in  the  caw*  of  certain  cultivated  vege- 
tHl)K'.s  unriiK;  mwiU  may  ^ve  rise  to  earlier  varieties  than  come  from  ripe  seeds. 
For  nmiieroas  ciutions  from  the  extensive  liteniture  of  the  subject  see  a  imper 
by  the  author  in  the  HejK)rt  of  the  Secretary  of  the  Massachusetts  Board  of 
Agriculture  for  1S78. 
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OOnnGcts  the  fVilit  or  seed  with  the  parent  plant  undergoes  marked 
changes,  which  ultimately  etfeet  or  |>ertuit  complete  separation 
of  the  seed  from  the  plant  willioiit  any  injury.  The  process  of 
separation  has  been  compareil  to  that  by  whieli  the  leaf  is  de- 
tached IVom  the  branch  in  the  autumn. 

1197.  How  long  can  a  seed  retain  Its  TltaUtjt  Some  seeds 
perish  shortly  after  separation  from  the  parent  unless  tliey  are 
at  onco  planted,  while  others  preserve  their  vitality  for  long 
l>eriod9.  In  exiterioients  by  Dc  CandoUe  seeds  of  t^ree  hun- 
dred and  sixty-eight  species  of  plunt«  were  kept  in  the  same 
place  ami  under  the  same  conditions  for  BRcca  years.  The 
following  results  are  recoi-ded ;  — 

or    1  Balsaminaceoi ]  aaiae  up,  or  100  per  cfiit. 

"   10  Uolvaces 6  "  ■■     "   60    ■'     " 

"  45  LeguniinoNB .     ,     .  9  "  "      n   jq    <•    •• 

"   30  IjibiatM 1  .1  .1      •■  g|    ••    >■ 

"   10  Scrophulariaco* o  "  *' 

'■   10  LTmhelUfeno o  "  " 

"   Ifl  Carj-ophyllai^OT o  *'  " 

••  33  0ramiD«o o  '•  " 

•'   34  Cradfrrw o  "  ■' 

"   45  Compositie o  "  " 

1198.  Danbcny,  Henslow,  and  Ltndley  found  that  the  seeds 
of  a  Si)eeie9  of  Colutea  germinated  when  forty-three  years  old.  and 
those  of  a  Coronilla  when  forty -two  years  old.  They  oscertaioed 
that  the  seeds  of  plants  belonging  to  twenty  genera  cspciimented 
on,  germinated  after  from  twenty  to  twenty-nine  years'  sepaiit- 
tiun  IVom  the  parent  plant.' 

There  is  no  unqaestioned  evidence  that  wheat-grains  from  the 
wrappings  of  mummies  have  been  made  to  germinate.* 


>  Report  o(  tlie  BKtisIi  Amocution  for  the  Adrinccment  of  Scieuce,  IBSO, 

p.  les. 

*  The  following  notra  of  aatea  of  prolonged  vitality  miy  be  of  interest :  — 

M.  R.  Brown  m'a  dit  arotr  fait  gernier  <li^  gniiira  dn  N<?luiiibiutn  ■p«.-io- 
(Qni  Pitraitea  par  lui  d»  I'herbirr  de  Sloane,  c'e«t-&-dire  ajrant  an  tuuiiu  ICO 
ana  (De  Candolle:  Gjognphie  Botaniqus  raisonii Jr,  185G,  p.  G43). 

Swdsof  NelumbiiiD)(finin«)  hare  iprouted  after  they  bad  bern  in  tliegnrand 
(or  a  ceatury  (Lyell'a  Second  Visit  to  tlif  Unitnl  HXMim,  ii.,  IH41),  p.  7-J»). 

The  grains  of  wheal  foand  in  muininy-vrappiiigs  are  tiiiirurnily  blackened 
an  if  by  stow  charring  [tfttmuauru),  and  there  ia  no  cridenoo  of  a  triutworcbf 
chamcter  that  9uch  terdt  hare  erar  been  made  to  Renninnle.  The  arcunnt 
by  C'linnt  von  StemVr^  of  th«  fcenninatiou  of  wheat  tnppoied  to  bare  bern 
pruouml  at  tha  osrolliiig  of  a  muainiy  will  be  found  in  Ina,   I83fl,  CoL 
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GERMINATION. 

1199.  GermiualLon,'  the  process  bj-  which  an  einbrvo  imfulds 
its  parts,  is  coiupk'tu  whcu  the  plantlet  can  lead  ud  iudepc-udent 
esiatcDce. 

1200.  The  condlttoits  npressarj  for  germination  me  (1)  moist- 
ure, (2)  free  oxygon,  (3)  warmth. 

1201.  The  amount  of  water  required  to  initiate  the  prot-csa 
or gcrminatiou  is,  in  gcucrni,  lUnt  which  will  completely  satiii-ate 
Bnd  Boften  the  seed.  Germination  does,  liowevei',  begin  in  cer- 
tain cases  even  when  only  the  radicle  and  the  albumen  dii-ectly 
around  it  have  become  soaked. 

The  amonnt  of  water  rcqiiisit*  for  the  saturation  of  a  seed  has 
been  determined  for  a  lai^c  number  of  pianta,  and  will  be  seen 
by  a  comparison  of  the  results  to  vary  within  wide  limits,  depend- 
ing on  the  percentage  of  water  alieady  present  and  the  character 
of  the  albumen.  It  is  plain  that  in  very  exact  det^rminatioits 
account  must  be  takcu  of  the  possibility  of  a  loss  by  the  seed 
of  a  portion  of  its  cont^^nts  while  in  water ;  in  three  days  tliis 
amounts  in  the  common  bean  to  a  little  over  two  per  cent.  The 
cereals  require  a  comparatively  small  amount  of  water  for  satu- 
raliou,  while  leguminous  seeds  absorb  a  muih  larger  quantity,' 

^  It  is  w«lt  to  distin^isb  betweca  two  stages  in  the  in-occss of  gcrmiustion, 
(I)  that  marked  by  t'br  protniaioii  of  tlic  lint  rootlet,  (i)  tlm  snbseiiiicnt  de- 
TElopment  of  the  embryo  into  an  independent  [ilant.  The  reason  for  niakiitg 
this  distinction  U,  that  luost  o{  the  experiments  upon  the  relatiatis  of  tempera- 
titre,  ete.,  to  germinalioQ  have  usually  terminated  at  the  first  stage  ;  whemu 
the  rigor  of  the  [ilanilnt  as  seen  at  a  later  stage  is  an  important  factor  in 
dailiicing  results  to  guide  practice  in  sowing  seeds. 

*  The  table  below,  by  Huiriniinu(VerBuchB-8tntioiit'ii,  rii..lS65.  p.  n2),  faaaa 
parallel  column  of  results  obtained  at  Tharundt  (Nohbe:  Sameakaude,  p.  lie): 


Specie.. 

Percentags 

ofliqn 

W  water  abwirboJ. 

ObMrvstlun 
Hoffman 

by 

OhwriBiinna  at 
Tl.unuiaL 

„ 

U. 

57.7 
BO.S 

104. 

1«T 

8D.8 

Its 

lOU 

ABSOItPTtON   OF   WATER   BY  SEEDS. 


463 


1202.  The  increase  of  seeds  in  size  necompanying  the  abaorp- 
tioQ  of  water  is  asccrlaincd  bj-  placing  them  ftom  time  to  time 
in  a  narrow  graduated  c_v!inder,  pouring  over  enough  wntor 
to  completely  cover  them,  and  noting  the  height  at  wliicli  tho 
water  stands  ;  then  puuring  it  into  another  graduated  glass  and 
accurately  measuring  it.  The  difference  in  amount  of  water  in 
each  case  indicates  tho  vohime  of  the  seeds.  The  work  must 
lie  done  cxpetlitiously  in  onler  to  avoid  the  eri-or  arising  from 
absoiption  during  tlic  period  of  measuring;  but  this  error  in 
any  case  is  slight. 

1203.  The  following  results  may  be  of  interest  and  serve  as  a 
guide  to  the  student.' 

65.418  grams  of  air-<Irie<l  peas,  having  a  volume  of  43  cubic 
centimetres,  woi-o  sonkci]  in  water  at  a  temperature  of  19°- 
21°  C.  The  suakdl  seeds  were  at  each  measurement  carefully 
dried  by  blotting-pni>cr :  — 


Tlni* 

L  InkbndnbillKDrM. 

Wetghl. 

Vo.™ 

Wrigbt. 

VqlMOm 

H  lion™  .     .     . 
41     ■■       ... 
70     •■       ... 

8.03     " 
6.S2    " 

to  re. 
IB    ■' 
7    " 

70.9 
1S.S 
19 

107 
4^.1 

16.S 

70  hoan  .    .    . 

82.95  gf. 

7!  cc 

gs.2 

)67.* 

The  gain  in  weight  in  70  hours  was  therefore  96  per  cent,  and 
In  volume  1G7  per  ccnL 

In  another  espcrimcnt  the  changes  were  as  follows :  Phaseolns 
vulgaris  gained  in  weight,  in  48  hours,  100.7  per  cent,  and  in 
volume,  134.14  pet  cent.  In  stilt  another  experiment,  with  tho 
fiiime  species,  the  gain  in  weight  in  72  hours  was  1 1  (.5  per  cent 
(or,  taking  into  account  some  loss  by  extraction,  11  T-.t  percent), 
and  in  volume.  140.9  per  cent.  Tlie  gain  in  volume  is  con- 
siderably greater  than  the  gain  in  weight.* 


I  Nnhhe  :  Raiii1l<a<'h  <I«r  BaTiinikmiiln.  lS7t,  p.  122. 

»  [t  must  bo  noli*l  thut  in  nunj'  dry  wmU,  for  inBUnw  Iwtwcfn  tho  coty- 
InloDii  of  sniiiv  )inu  imI  \iria\3,  then  arc  caritim  which  miiet  Iw  liUnl  hvlora 
than  can  !«  anv  morkat  innvaw  of  Toliime  (Nobbe  :  Handbticb  der  Sunen- 
>wn!^  I87ri,  iC  123). 
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1204.  The  greater  part  of  the  increase  in  weight  and  volume 
from  the  absorption  of  water  by  dry  seeds  takes  place  in  a  short 
time ;  for  example :  — 


Phaaeolas  mlgaris. 


In    6  hours 
*«    9     .. 

**  23     "   . 
**  28     ••  . 


Increase  in 
weight. 


13.99  per  cent. 
18.63  **     •* 
49.42  *•     " 
8.35  "     " 


IncreftM  In 
yulome. 


28.28  percent 
13.10   "     *' 
62.07    **     " 
8.45    "    " 


After  this  there  was  very  little  gain  either  in  weight  or  volume. 

1205.  Access  of  free  oxygen  must  be  pi-ovideii  to  secure 
germination.  £ven  if  all  other  conditions  are  favorable,  germi- 
nation does  not  take  place  in  pui'e  water  devoid  of  any  free 
oxygen,  or  in  an  atmosphere  of  nitrogen. 

1206.  The  oxygen  accessible  to  the  seed  must  l)e  diluted  to 
about  the  degree  found  in  common  atmospheric  air,  although  it 
is  not  necessary  that  the  dilution  should  be  made  with  nitrogen, 
as  is  tlie  ease  with  air.  Boehm '  has  shown  that  a  mixture  of 
proper  proi>ortions  of  hydrogen  and  oxygen  answers  about  as 
well  as  a  mixture  of  nitrogen  and  oxygen  for  germination  of 
seeds,  provided  it  is  furnished  to  them  under  onlinary  atmos- 
pheric pressure.  That  the  degree  of  pressure  is  an  important 
factor,  is  proved  b}'  Bert's*  experiments.  Barley  gave  the 
following  results :  — 

PeroenUge  germinated. 

In  ordinary  air  (76  cm.  pressure) 84 

In  air  60    **        "  40 

"    **  25   "         "  28 

«*   "  6    "         "         10 

The  proportion  of  oxygen  to  nitrogen  in  atmospheric  air  is 
approximately  1  :  5  (oxygen,  21,  nitrogen,  79  parts). 

1207.  77ie  temperature  requisite  for  germination  to  begin 
differs  considerably  in  different  species.  The  lowest  tempera- 
ture recorded  is  the  following,  noted  by  Uloth :'  In  a  perfectly 
dark  ice-cellar  seeds  of  Acer  platanoides  sprouted  on  ice,  the 
rootlets  penetrating  to  a  depth  of  5  to  7.5  cm.  into  the  dense 

1  Sitzl^r.  :  Wien  Akad.,  Ixviii.,  1873,  p.  132. 
^  Corapt<».s  Rendus,  Ixxvi.,  1875,  p.  1493. 
•  Flora,  1871,  p.  185. 
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clear  ice ;  the  seeds  themselves  being  in  hollows  on  its  surface. 
The  temperature  must  of  coui*8e  be  given  as  0®  C.  Uloth  found 
also  that  wheat-grains  germinated  in  the  same  cellar  upon  pieces 
of  ice.  Kerner  *  placed  seeds  with  some  earth  in  glass  tube»  and 
exposed  them  to  the  cold  springs  on  the  e<lgc  of  snow-fields  in 
Alpine  regions,  lie  found  that  the  seeds  of  most  Alpine  plants 
could  germinate  at  2''  C,  and  that  some  might  even  at  0°.  It 
was  shown  that  at  all  growing  points  there  is  some  heat  evolved. 
In  Uloth's  observations,  above  noted,  attention  is  called  to  the 
fact  that  the  rootlets  descended  into  solid  ice  in  a  number  of 
cylindrical  cavities  which  they  melted  out  for  themselves. 

1208.  The  minimum  temperature  for  germination  of  the  seeds 
of  man}-  plants  in  common  cultivation  is  given  b}*  Ilaberlandt^ 
as  4°. 75  C.  (although  some  can  start  even  below  this).  Be- 
tween 4^.75  and  10^5  we  have  the  minimum  temperature  for 
Indian  corn,  timothv gniss,  sunflower;  between  IC^.o  and  15°. 6, 
that  for  tobacco  and  squash;  between  15°.C  and  18°.5,  that  for 
cucumber  and  melon. 

1 209.  The  maximum  temperature,  or  that  beyond  which  germi- 
nation cannot  begin,  differs  greatl}'  in  different  species.  Ilaber- 
landt  has  shown  that  degree  of  ripeness,  freshness,  the  '*  race," 
and  several  other  influences  considerabl}-  modify  the  result. 
The  maximum  temperature  for  a  few  of  the  more  common  plants 
is  here  noted  :  — 

C9. 

"Wheat,  lye,  barley,  oats  P<*m»  timothy  grass,  cabbnge,  poppy,  flax, 

ami  tolxicro 31-37 

Red  clover,  lucerne,  buckwheat,  and  sunflower 37.5-44 

Indian  corn,  millet,  siiuash,  cucumber,  and  sugar  melon      ....      44-50 

In  no  case  was  germination  observed  above  50°  C. 

1210.  Between  the  minimum  temjieraturc  below  which  and 
the  maximum  tem[)eraturc  above  which  germination  of  a  cer- 
tain kind  of  plant  does  not  ortlinaril}'  take  place  there  lies  an 
optimum  temi)eratuix; ;  that  is,  the  degree  at  which  germina- 
tion begins  most  speedily .*  The  short  table  on  the  following 
page  is  by  Sachs :  — 


^  Bcrichtft  der  naturw-med.  Vcrcines  in  Innsbruck,  1873,  and  Botanische 
Zeitung,  1873,  p.  437. 

2  Versm-hs-Stationen,  xvii.  p.  104. 

*  Tlie  <lifT<Tence  in  re^Jird  to  the  degree  of  warmth  demanded  by  seeds  of 
the  same  .speci(>s  niiscd  in  dilferent  climates  has  been  examined  by  Schiibeler 
(Die Culturpflanzen  Norwcgens,  1862,  p.  27). 
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Mlnlmam. 

Maxfanam. 

Optlmam. 

Barley 

Wheat 

Scarlet  runner     .     .     . 
Indian  com     .... 
Squash 

50 

9.05 
9.05 

no 

88° 
420 
460 
460 
460 

2DO 
290 
880 
830 
88O 

1211.  The  time  required  after  planting  for  germination  to 
begin,  a  ix>int  indicated  by  tlie  protrusion  of  tlie  radicle,  has 
been  determined  '  for  a  large  number  of  plants.  A  few  exam- 
ples are  here  mentioned :  — 


Indian  00m. 

Boddoyer. 

Birch. 

Atl6«C 

"250  c 

«•  81°  C 

••  870.5  C 

"440  c 

144  honrs. 
66      *• 
48      " 

48      •« 
80      " 

82  hours. 
24      " 
24      " 
24      " 

120  honrs. 
24      " 
24      " 
24      " 
72      " 

1212.  The  influence  of  light  uix)n  the  earliest  stages  of  germi- 
nation  hasl>een  shown  by  careful  investigations  to  be  inappre- 
ciable so  far  as  most  plants  are  concerned.* 

The  unqualified  statement  found  in  some  works/  that  ligbt  is 
in  general  prejudicial  to  germination,  is  not  borne  out  bj  facts. 

1213.  The  phenomena  of  germination  are :  (1)  forcible  absorp- 
tion of  water,  (2)  al)sorption  of  oxygen,  (3)  solution  of  nutrient 
matters,  (4)  their  transfer  to  |x>ints  of  consumption,  (5)  their 
employment  in  building  up  new  parts.  After  the  initial  step 
these  processes  may  go  on  simultaneously. 

1214.  The  enormous  imbibition  i>ower  of  dr}'  seeds  can  be 
demonstrated  by  confining  sound  seeds  in  a  strong  receptacle 
to  which  water  can  obtain  access.  If  a  closed  manometer  is 
attached,  the  pressure  they  exert  can  be  measured.     Boehm  * 

^  Versuchs-Stationcn,  xvii.,  1874,  p.  104  ;  and  Storer :  Bulletin  Bussey 
Inst.,  1884. 

*  lloirinann  :  Jahresber.,  iiber  Agricultur-Cheni.,  1864,  p.  110. 

*  ]n;;cnhouaz  ;  Senebier,  Physiologie  v^g^tale,  iii.  1800,  p.  896  ;  Johnston's 
Lectures  on  Agricultural  Chemistry,  1842,  p.  194. 

*  Miiller :  Botan.  Uiiters.  ii.,  1872,  p.  29,  quoted  by  Nobbe  (Hand- 
buch  dcr  Samenkunde,  p.  118).  Similar  experiments  at  Wellesley  College 
gave  results  somewhat  lower  than  this. 
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found  that  peas  in  swelling  could  overcome  &  preaeiire  of  18 
atmoepberes,  corresponding  to  a  beight  of  Ibe  murcuriat  coluoiD 
of  13.5  metres. 

lillS.  Tbo  influence  of  oxygen  upon  the  absorption  of  water 
by  the  seed  is  not  markeil,  as  will  be  seen  by  the  folluwiiig 
experiment : '  — 

200  fresh  seeds  of  red  flwer  were  placed  in  pnre  water  for  20 
hours ;  200  more  were  placed  in  water  into  which  oxygen  gas 
was  conducted ;  200  more  in  water  throngb  which  carlwnic  acid 
gH8  was  eomlilct«d  for  a  while  au<l  then  the  water  covered  with 
a  layer  of  oil  to  cxclnde  tlie  air.  The  results,  so  far  as  swelling 
is  concerned,  were  us  foUowa :  — 


83  pern 


121G.  The  oxygen  absorbed  by  seeds  in  germination  was 
thought  by  Schiinbcin  to  undergo  the  active  or  ozone  modiGca- 
tioii.  By  his  experiments  the  seeds  of  two  plants,  Cynara  Seoly- 
mus  and  Heorzonera  Hispnnica,  were  shown  to  possess  lo  a  con- 
siderable degree  the  i>ower  of  converting  atmospheric  oxygen 
into  ozone. 

1217.  Oily  seeds  absorb  a  large  amoimt  of  oxygen.  Siewert 
has  iminLiK)  out  tlic  fact  that  the  neutral  oil  of  the  rai>c-eecd  very 
soon  alter  access  of  oxygen  and  water  to  it  jmsscsses  nu  acid 
reaction.  Oleic  acid  can  absorb  at  ordinary  temperatures  a>>out 
twenty  times  its  volume  of  oxygen. 

121111.  Nutrient  matters  must  become  liquid  before  they  can  be 
DtUized  by  the  embryo.  Some  of  these  in  the  form  in  which 
they  arc  stored  up  in  seeds  arc  soluble  in  water ;  such  are  the 
sugars.  <lextrin,  and  a  part  of  the  albumin.  The  ol^cr  nutrient 
matters,  such  as  starch,  the  oils,  and  most  nitrogenous  sub- 
stances, must  undergo  changes  before  they  can  enter  into  solu- 
tion. Some  of  tliese  changes  have  already  been  alluded  to  in 
Chapter  XL,  and  are  here  presented  in  brief  review. 

1219.  The  conversion  of  starch  into  soluble  matters  is  eflTected 
in  the  seed  by  means  of  one  or  moro  ''  ferments."  In  tlic  pro- 
cess of  malting,'  which  consists  csseatially  in  forcing  germination 
up  U)  the  point  of  pi-otrusion  of  tlie  radicle  and  Itien  cheeking  it, 
the  slareb  appears  to  uudei^  little  change.  But  if  the  ground 
malted  grains  arc  kept  in  water  of  a  temperature  of  68°  C.  for 

1  Kut>l«  :  Hnmlbuch  der  S«mrnklMid<-,  1876,  ti|i.  tU2,  103. 
'  S<w  WklU't  DiotioDiiry  or  Clicniutr7,  niulei  "  Be«r." 
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two  hours,  all  the  starch  will  be  found  to  have  been  converted 
into  and  dissolved  as  soluble  carboh3'd rates,  sugar,  and  dextrin. 
The  change  in  this  case  is  attributed  to  the  ferment,  diastase^ 
one  part  of  which,  it  is  claimed,  can  convert  two  thousand 
parts  of  starch  into  sugar.  It  will  be  noted  that  in  the  pro- 
cess al)ove  described  the  temi)erature  (G8°  C.)  is  much  higher 
than  that  at  which  ordinary  germination  proceeds. 

Dubrunfaut '  has  given  the  name  tnaitin  to  a  ferment  far  more 
active  than  diastase,  found  in  ail  germinating  cereals.  This  is 
able  to  convert  into  a  soluble  state  from  one  hundred  thousand 
to  two  hundi*ed  thousand  times  its  weight  of  stai*ch.  It  forms 
with  tannic  acid  an  insoluble  compound  which  retains  its  power 
for  a  long  time.  In  good  barley  meal  there  is  one  per  cent  of 
maltiii. 

1220.  The  oil  in  oily  seeds  is  in  germination  earned  through 
a  long  scries  of  changes.  It  is  first  transformed  into  starch,  and 
then  follows  the  same  course  as  starch,  alreadv  described.* 

1221.  Van  Tieghcm  has  shown  that  oleaginous  albumen,  rich 
in  aleuron,  has  an  activity  of  its  own  which  enables  it  to  digest 
itself,  so  to  speak,  and  thus  become  at  once  fit  for  the  embr^-o 
to  use ;  on  the  other  hand  starchy  albumen  and  cellulosic  albu- 
men must  be  first  acted  on  by  the  embryo,  and  thus  become 
dissolved  and  ready  for  use.* 

1222.  The  changes  which  take  place  in  a  germinating  seed 
are  accompanied  by  direct  or  indirect  oxidation  of  a  i)ortion  of 
the  nutrient  mattei*s,  a  release  of  energy,  and  an  evolution  of 
carbonic  acid.*  The  amount  of  CO,  given  oflT  by  germinating 
seeds  and  the  rise  of  temperature  serve  as  measures  of  the 
process  of  oxidation. 

1223.  It  is  not  proved  that  germination  can  be  hastened  by 
chemical  means.  Experiments  with  dilute  chlorine  water  seeoi 
to  show  that  the  time  can  be  somewhat  lessened,  but  the  results 
are  discordant.* 

1224.  It  has  been  asserted  recently  that  the  presence  of  mi- 
crobes, the  minute  oi^ganisms  to  which  putrefaction  is  due,  is 

1  Coniptes  liendus,  Ixvi.,  p.  274. 

^  IVters,  Versuchs-Statioiien,  iii.,  1861,  p.  1  ;  Miintz,  Ann.  de  Chiiuie  et 
de  Physique,  H^r.  4,  tome  xxii.  p.  472. 

*  Ann.  dvs  So.  nat.,  ser.  6,  tome  iv.,  1877,  p.  189. 

*  For  the  changes  in  the  horny  endos))crm  of  the  date  palm  see  Saclis, 
Botanische  Zeitung,  1802,  p.  241. 

*  See  M.  Carey  I-iea,  Americun  Journal  of  Science,  xxrii.,  1864,  p.  373^ 
and  xliii.,  1867,  p.  197. 
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essential  to  the  bopnning  of  the  process  of  germination.  It  is 
said  I  hat  in  soil  \vhi(;h  has  been  conii)letely  sterilized,  that  is, 
freed  from  inierohes  or  (heir  germs,  seeds  provided  with  ail  other 
requisites  for  germination  will  fail  to  sprout.  These  experiments 
bv  Duclaux  *  have  not  been  repeated  bv  other  observers. 

1225.  The  appearance  of  abundant  crops  of  certain  plants 
ni)on  groiHid  recently  cleared  by  lire  is  one  of  the  most  note- 
worthy phenomena  in  connection  with  germination.  At  the 
North,  two  plants  have  obtained,  par  exci'Uance^  the  name  of 
'*  lire-weeds ;  "  namely,  Erechtites  hieracifolia,  and  the  more 
common  willow-herb,  or  Epilobinm  angustifolium.  They  are 
later  replaced  by  shrubs,  and  later  still  by  sod-wooded  trees, 
which  are  characteristic  of  burnt  districts.  The  following  sug- 
gestions have  l>een  made  in  regard  to  their  appearance:  (1)  that 
the  seeds  have  been  long  buried  in  the  soil,  under  conditions 
which  have  preserved  their  vitality,  but  which  did  not  permit 
them  to  germinate;  (2)  that  the  seeds  fuid  their  way  to  the 
ground  of  a  clearing  which  affords,  in  the  ash  released  from 
wood  by  burning,  a  soil  most  fit  for  germination.  But  no  exact 
observations  have  yet  been  made  upon  the  subject. 


^  Couiptes  Keudus,  c,  1885,  p.  67. 


CHAPTER  XVI. 

RESISTANCE  OP   PLANTS  TO  UNTOWARD  INFLUENCES. 

122G.  Claude  Bernard  has  shown  that  life  presents  itself 
under  three  forms:  (1)  latent,  dormant,  or  inactive,  illustmted 
by  the  seed  ;  (2)  variable,  or  oscillating,  exemplified  b}*  tlie  plant 
during  periods  of  apparent  rest,  when  its  activities  are  nearly 
suspended,  but  when,  in  fact,  some  chemical  changes  are  going 
on,  though  very  slight  in  degree ;  (3)  active,  or  free,  exhibited 
b}'  a  plant  in  full  vigor. 

It  has  been  repeatodl}*  pointed  out  in  previous  chapters  that 
during  their  resting  perioils  seeds  and  other  parts  can  he  sub- 
jected to  the  action  of  influences  which  would  destroy  thc^  life 
of  plants  in  full  activity.* 

1227.  Inquiry  as  to  the  kind  and  amount  of  injurj-  caused  to 
active  plants  by  hurtful  agents  must  deal  with  the  influence  of 
extremes  of  temperature,  too  intense  light,  improper  food,  poi- 
sons, and  mechanical  agents.  Many  of  these  injurious  influences 
and  tlieir  effects  upon  special  parts  of  tlie  plant  have  already 
been  alluded  to  in  previous  chapters ;  but  it  is  pro|>er  to  con- 
sider tiiom  now  with  regard  to  the  whole  organism. 

1228.  Effects  of  too  high  temperatore  opon  the  plant*  Here, 
as  in  most  other  cases,  there  is  wide  diversity  among  plants, 
depending  upon  their  constitutional  peculiarities  ;  thus,  plants  of 
the  tropics  not  only  demand  higher  temi>eratures  than  those  of 

*  For  some  account  of  various  recent  views  in  regjird  to  the  nature  of  life, 
the  student  is  referretl  to  the  following  works  :  Herbert  Sjiencer,  Principles  of 
Biology,  1870;  Claud:*  Benianl,  Le9on8  sur  l»*s  Phenom^nes  dela  Vie  comnmns 
aux  Aniniaux  et  aux  Vegetaux,  1879;  and  Nageli's  recent  treatises. 

For  an  intei*esting  accx)unt  of  the  reactions  of  living  niatt(.T  to  very  dilute 
solutions  of  certain  sulistances  which  are  poiRonous  when  used  in  greater 
strength,  see  I^oew  and  Bokomy.  These  investigators  use  a  dilute  alkaline 
solution  of  argentic  nitrate  in  the  discrimination  between  living  and  dead 
protoplasm  ;  i\\khi  application  of  the  reagent  the  former  tunis  black,  the  latter 
remains  uneolored.  The  solution  is  made  by  mixing  1  cc.  of  a  one  per  cent 
solution  of  the  nitrate  in  distilled  water  with  an  equal  amount  of  a  solution 
containing  13  parts  of  potassic  hydnite  st^lution,  10  parts  of  ammonia,  and 
77  pails  of  distilled  water  (Pliiiger's  Archiv.  xxv.,  1881,  p.  150). 
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colder  climntPB  Tor  tho  osercise  of  tlieir  nonnni  functions,  but 
lliev  tvill  also  generally  sustain  nmi-li  lijglicr  ilcgrecs  or  lieot  wKti- 
ont  injurj".  The  clifrercnL-es  of  teni|M'mtnre  in  favor  of  tropicnl 
[ilants  are  not,  Lowcver,  alvrave  ^'e^y  maiked. 

The  following  table'  iiKlkalce  siiJIlciontlj-  the  hicbost  temiwrn- 
tui-es  whitli  a  ffw  eomnion  {tlanta  can  beur.  The  lino  at  the  top 
'  eliows  what  wi>a<  tbo  iminetliate  euvrouuilings  of  the  plants  cx- 
perinieiitotl  upon:  the  oulumiis  marked  A  show  the  liif^hest 
t«iii{>eraUircB  short  of  proving  fatal ;  IIiobi-  marked  B,  tho  low* 
est  fatal  U-mperatui-es.  The  plants  were  exposed  to  the  high 
temperatures  IVoiii  lllteen  to  thirty  minutes. 


.V^o,»„. 

Uooli  In  ws>«r, 
WMU  111  ilr. 

Riwlilnwll. 
(ICHKlii  nlr. 

Plll>l  in  DMCt. 

Tmp«olum  m^'w 
i;itrii»  Anrantium 

A. 

a 

A. 

R 

A, 

B. 

"C. 

*6.5 

(7.8 
45,  S 

47. 
47. 
50.fi 

«. 

fiO.l 

50.  a 

50. 

62,  S 
52. 

51.5 

46. 
44.1 
50.S 

46.  S 
45.8 
62LS 

1229.  After  a  plant  lias  been  subjeeted  to  too  high  a  tempera- 
ture,  its  foliage  wilts  and  soon  becomes  dry;  and  ita  leaves, 
having  once  taken  on  a  scorcht-'d  ap|H'aranee.  are  unable  to 
recover  their  Iwrgesccnce,  is  niay  happen,  however.  Uiat  the 
injur)-  (toes  not  proceed  so  fai  aa  to  affect  the  latent  or  even  the 
imnially  di'veloped  ImhIs  ;  if  this  is  the  ease,  [lartial  recovery 
takes  place  through  tlicir  unfolding.  The  cnriouB  fact'  that 
nmiiy  algie  can  resist  very  high  tem|>craUires  baa  been  already 
adverted  to  (see  iififi). 

1 2.'iO.  EITeclii  of  cold  upoa  the  plant.  C'eHnin  plants  aro  sen- 
ously  injiireil  by  low  tenii>ci'atures  which  are  consideiably  almve 
Ihc  freexing-pxint  of  water,  lirit  these  are  exceptional  cases. 
Ikloot  uorthorn  plants  can  readily  eii'Iurc  cold,  providc<I  Itietr 
tissues  are  not  ffozen. 

Frost  pitMliK'cs  very  different  effects  np"n  <lifferenl  plants.  In 
some  of  our  familiar  spring  plants  the  leaves  may  be  frozen  and 
thawed  without  apparent  mischief,  but  in  general  the  thawing 
must  take  place  slowly ;  if  it  proceeds  rapidly,  the  plant  may  be 


I  Dc  Vric:  Arvhircs  N»ei  LiiidiiLges,  v.,  1870. 

*  Conaolt  alao  Amtnicui  Joonial  at  ScLeoua  mad  Arta^  sll*.,  1867,  p.  162. 
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irre(>ani1>1y  injiinxl.  There  are  well-knowD  eases  in  whiefa  plants 
may  t>e  thawttl  i|iii^*kly  without  serious  injury.^ 

12^)1.  Gupiurt '  aiHl  others  have  shown  that  the  flowers  of 
certain  orehi«U.  tumt-J  hlue  by  the  formation  of  indigo  in  their 
cells  when  they  are  slightly  frozen  and  suddenly  thawed,  will 
preserve  their  usual  colors  unchanged  if  made  to  thaw  very 
slow!  v.* 

1232.  As  to  tiie  length  of  time  during  which  the  vitality  of  a 
frozen  plant  |>ersists,  we  liave  no  exact  observations ;  but  it  is 
stated  that  after  the  rect>ssion  of  a  glacier  in  Chamouni  sev- 
eral plants  which  had  lx*en  covered  by  ice  for  at  least  four  years 
resumed  their  growth.* 

12.*^3.  It  is  still  an  o)>en  question  whether  much  of  the  injury 
to  certain  plants  by  freezing  is  not  strictly  mechanical,  resulting 
from  the  expansion  durin<;  the  formation  of  ice  in  the  cells.* 

1234.  ^^  Wlaterkililiig:.**  The  destruction  of  many  plants  by 
exposure  to  the  induenc*es  of  a  variable  winter  is  sometimes 
attributed  to  the  injurious  effects  of  drying  winds  rather  than 
to  cold  alone.  It  has  been  shown  (748)  that  the  amount  of 
water  absorbetl  by  roots  is  governed  largely  by  the  temperature 
of  the  soil.  Although  the  exhalation  of  moisture  from  the  leaves 
,  of  evergreens  in  winter  is  not  large,  it  is,  however,  sufficient  to 
create  a  ctTtain  demand  ui>on  the  soil  for  a  supph*.  This  de- 
mand, slight  as  it  is,  is  of  couree  greater  during  ver}'  diy 
weather ;  and  it  is  from  this  that  tlie  injuries  may  be  supposed 
largely  to  result. 

123.'>.  The  iH'havior  of  certain  plants  during  exposure  to  low 
temperatures  alfords  some  of  the  best  illustrations  of  the  adap- 
tation of  vegetation  to  its  surroundings ;  and  the  question  as 
to  increasing  the  tolerance  of  a  given  s|)ecie8  or  variety  to  the 

^  S.u'hs  has  shown  that  the  leaves  of  cabKigc,  turnip,  and  certain  beans 
frozen  nt  a  temi)crature  of  from  — 5'  C.  to  — 7'  C,  and  placed  in  water  at  O'C, 
ar«  immediately  covered  with  a  iTiist  of  ice,  u|>on  tlie  slow  disappearance  of 
which  they  ivsuine  thrir  former  turgesceucc  ( Versuchs-Stationen,  u.  1860,  p. 
167).  If  such  frozen  leave-i  are  place<i  in  water  of  7.5*  C.  they  become  flaccid 
immediately. 

'^  liotanische  Zeitung,  1871,  p.  399. 

•  According  to  Kuuisch  (quoted  by  Pfeffer :  Pflanzenphysiologie,  ii.,  p. 
430),  this  blue  discoloration  is  observed  when  the  flowei*$,  placed  in  an  atmos- 
phere of  earbonii"  nriil,  aiv  hubje(tte<l  to  a  freezing  temperature  :  in  this  case,  of 
coursr,  till'  iniligo  is  pioduced  from  oliromogen  without  free  oxygen. 

<  B.)taiiis(rh.'  Zeltuiig,  1843,  ]).  13. 

*  Holfmaini  (Oruudzii^e  dcr  Ptlanzeuklimatologie,  1875,  p.  325)  attribates 
a  part  of  ih(;  mrclianical  injury  from  freezing  to  the  separation  from  the  cell* 
sap  of  the  air  previously  contained  therein. 
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untoward  influence  of  cold,  by  careful  selection  of  seed  for  a 
series  of  years,  has  been  successfully  answered  by  cultivators  in 
some  northern  countries  of  Europe.^ 

1236.  Among  the  protective  adaptations  of  seedlings  to  cold 
is  that  descnbed  by  DeVries,^  who  lias  noted  that  in  certain 
instances  there  is  a  marked  retraction  of  the  cauUcle  into  the 
ground  upon  the  approach  of  a  lower  temperature.  The  with- 
drawal is  due  to  the  contraction  of  the  cellular  tissue  composing 
the  root. 

1237.  Effects  of  too  intense  light  npon  tlie  plant*  All  other 
conditions  being  natural,  living  plants  containing  chlorophyll  can 
perform  their  functions  normallj'  when  placed  in  the  brightest 
sunlight.'  Even  when  the  rays  of  light  arc  moderately  concen- 
trated upon  the  foliage  b^'  a  large  convex  lens  there  is  no  seri- 
ous disturbance  of  function.  But  when,  as  in  Pringsheim's 
expenments  (see  824),  the  sunlight  is  rendered  very  intense, 
assimilation  is  arrested  and  destruction  of  the  protoplasm  soon 
ensues. 

1238.  Effects  of  improper  food  upon  tlie  plant.  It  has  been 
shown  (Chapters  VIII.  and  X.)  that  certain  substances  are  in- 
dispensable to  the  healthful  growth  of  plants ;  and  it  has  further 
been  pointed  out  that  most  of  these  substances  may  be  offered  to 
the  plant  in  excess  with  no  marked  results.  It  should  now  be 
noted  that  a  few  of  tliese  substances,  notably'  nitrogen  com- 
pounds, applied  in  excess  may  induce  a  more  luxuriant  growth 
than  is  desirable  to  tlie  cultivator.  Penhallow  *  and  others  have 
pointed  out  that  ceitain  maladies  of  plants  are  largely  dependent 
upon  malnutrition.  In  such  maladies  fungi  are  frequent  con- 
comitants, in  many  cases  invading  plants  alread}'  enfeebled  by 
improper  or  insufficient  food ;  in  others,  obviously  causing  by 
their  presence  and  activity  the  diseased  conditions. 

1239.  Effects  of  poisons  opon  tlie  plant.  Noxious  Gases.  The 
most  hurtful  of  these,  considered  from  a  practical  point  of  view, 
come  as  products  of  the  combustion  of  inferior  sorts  of  coal, 

^  Sduil)elcr  (see  note  on  page  465). 

For  an  account  of  the  formation  of  ice  in  plants,  and  the  different  degrees 
of  temperature  at  which  it  takes  place,  consult  Miiller  :  Landwirthschaftl. 
Jahrbiicher,  ix.,  18S0. 

2  BoUinische  Zeitung,  1879,  p.  649.  Haberlandt  has  also  examined  the 
same  mechanism  to  some  extent. 

*  It  is  a  familiar  fact  that  many  plants  thrive  best  in  deeply  shaded  glens. 
Success  in  the  cultivation  of  such  plants  is  attained  only  by  regarding  their 
natural  condition. 

^  Houghton  Farm  Experiment  Department,  series  3,  no.  iii. 
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Cftpeciallj  those  which  contain  sulphur  compounds  as  Imparities.^ 
Formerly,  in  the  vicinity  of  large  chemical  factories,  the  escaping 
gases  were  proiluctive  of  wide-spread  injury  to  vegetation ;  but 
improveii  methoiis  of  manufacture  have  diminished  this  evil  to 
a  considerable  extent. 

1240.  Sulphurous  acid,  formed  by  combustion  of  sulphur  in 
the  o|>en  air,  produces,  even  when  existing  in  the  air  in  the  pro- 
portion of  only  one  part  in  9,000,  the  following  effects  upon 
leaves :  their  blades  shrivel  from  the  ti|>s,  become  gra^^ish  3*el- 
low,  and  siK>n  dry  so  that  they  fall  off  at  a  slight  touch.  The 
phenomena  ol>serveii  are  somewhat  like  those  occurring  at  the 
time  of  the  fall  of  the  leaf  in  autumn.  Yet  in  the  experiments  by 
Turner  and  Christison  mentioned  in  the  note,'  the  amount  of 
•ulphunnis  gas  present  in  the  air  was  so  small  as  to  escape 
detei*tiou  bv  smell. 

llydroi'hlorio  acid  gas,  nitric  acid  in  vapor,  and  chlorine  are 
also  very  destructive  to  plants,  even  when  in  such  minute 
amounts  as  to  be  unnoticed  on  account  of  their  odor. 

Ii\jurious  effi'ots  are  often  produced  upon  shade  trees  by  the 
leakage  of  illuminating  gas  from  street  mains. 

1241.  Waniiofi  Cast'^f,  In  1829  Ward  aci*identally  discovered 
that  plants)  could  thrive  in  tightl}'  closed  cases,  in  which  there 
could  not  l>e  any  interchange  of  the  air  with  the  outside  atmos^ 
phere.*    This  discovery  led  him  to  institute  experiments  rela- 

>  R.  An^iiM  Smith  :  Air  and  lUiii,  IS72,  pp.  465,  553. 

*  For  ucrjmnin  of  ex])fT\ntcntn  in  this  interesting  field,  the  student  may 
consult  the  following  works  :  Tiinier  and  Christlson,  Edinbuigh  Medical  and 
Surgical  Joiinial,  xxviii.  p.  350;  and  Gladstone  in  Report  of  British  Aasociation 
for  Advancement  of  Sciemrn,  1850. 

»  N.  IJ.  Wsrd  :  On  the  (Irowth  of  Plants  in  Closely  Glazetl  Cases.  1852. 

The  tahle  on  the  following  page,  bascnl  on  rpsearches  by  T.  W.  Harris,  shovrs 
the  agcnU,  the  elfecti  of  wlii<.h  were  trieil  upon  chlorophyll,  and  the  results  in 
each  case  as  to  the  extrusion  of  chlorophyll  pigment  (see  772).  The  figures 
in  the  third  column  indicate  rcMults  ns  follows:  — 

1.  Chloroi»hyll  grains  largi»  and  well  defined.  Sponge-like  structure  evi- 
dent One  or  two  globules  of  large  size  on  almost  every  grain  ;  sometimea 
almost  as  larg.;  as  the  grain  itself,  which  is  colorless  or  nearly  so. 

2.  Globules  still  plentiful  but  smaller ;  frequently  several  on  each  grain. 
Stnicture  of  the  gniins  evident  The  protoplasm  in  this  and  the  two  following 
grades  (3  and  4)  is  often  contracte<l  by  the  chemicals  used,  rendering  the  reault 
more  or  less  oljfkrure. 

3.  Globules  small,  and  fewer  than  in  2.  Grains  still  retain  some  coloring- 
matter  in  their  substance,  and  are  not  so  well  defined  either  in  form  or 
fatructure. 

4.  Globules  few ;  only  seen  on  a  few  grains.  Stnicture  of  the  grain  not 
defined,  but  under  a  high  power  it  frequently  has  a  granular  and  sometimes  a 
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tire  to  the  Bjstcroatic  cultivation  of  plants  in  such  cases  in  the 
impure  air  of  manufacturing  towns.     In  the  glass  cases,  now 

stellate  ap{)ea ranee.  In  the  latter  case  each  grain  is  generally  surrounded  by 
an  irregular  mass  of  coloro<l  protoplasm,  these  masses  being  often  connected 
together  by  threads.  This  stellate  structure  is  also  often  brought  out  after 
dissolving  out  all  tho  coloring-matter  by  prolonged  treatment  with  benzoic 
acid. 

5.  No  result. 


Agont 


Time  of  Action. 


Result. 


Ai    1   1 /<vr  «/»  ^1       (  Grains bleachetl,  but  form 

Alcohol  (95  %) 1  day.  ^ 


«« 
« 


(I 


«( 


(( 


ft 


t( 


«( 


ti 


Steam 1  hour. 

Boiled  in  IIjO 7  min. 

then  cold  in  IlCl ....  2  days. 

HNO3  ...  2 

Benzoic  Acid  .  2 

H  ,S04  cone 1 

Hls(\  dilute 1 

IlXOjConc 1 

HNO,  dilute 1 

HCl 1 


HCl  +  IlNOs  (3  parts  UCl,  1  jmrt  IINO3)     1 

H2SO4  4-  HCl  (equol  ports) 2 

HjSO^  -f  UNO,       "  2 

H^04  -f  HCl  +  n N'Oa  (equal  ports)  .     .  2 

HCjlljOa 7 

HjCA 7 

"tTO4 

HAHA  (Tartaric  acid)  j^^'^-;i^} 

112(^4 

Picric  Aci<l 

Citric  Acid 

Boracie  Acid 

-D        •     4  •  J  i  sitt.  sol.  in  n  sol.  of  H  i«rts  ) 
Benzoic  Acid  j      k„^hPO«  to  100  WjO     J 

Benzoic  Acid 2 

SalicvHc  Acid 3 

NualiP04 6 

Na(NH4)HP04 6 

NallSO^ 6 

NaOH 2 

NH4OH 2 

KjCO, 2 


1 


Ether 


(« 


<( 


(( 


«( 


«( 


(( 


<( 
(< 
(< 
<f 
(< 
<< 

(( 
<< 
<( 
(< 

i« 
(( 
«< 
(( 
<< 

(« 

«( 
«( 


remains. 
2 
2 

3  )  Chlorophyll 
i     stellate. 

Specimen  destroj^ed. 

3 
Protoplasm  contracted. 

1 

2 

{Protoplasm  much  con- 
tracted. 
3 
8 
3 
3 
3 
2 


4 
4 

8 
8 


Grains  bleached. 
3 
5 
5 
5 
Grains  dcstroyttl  aud  pijy- 
niciit  diffused  through 
the  protoplasm. 
5 
.5 
Grains  swell  and  lie<rome 
homogeneous,  but  no 
extrusion  or  escaiw  of 
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ever^'where  known  as  Waixlian  cases,  the  plants  are  supplied 
with  sufficient  water,  and  tiie  atmosphere  is  practically*  satu- 
rated with  moisture*.  When  exposed  to  sunlight,  the  plants  in 
the  cases  can  wirry  on  all  the  o[)erations  of  assimilation,  growth, 
and  respiration. 

Comparing  the  conditions  which  surround  the  plants  in  a 
Warilian  case  with  those  which  prevail  in  a  funiace-heated  house, 
it  is  plain  that  the  plants  in  the  case  are  placed  in  what  is  es- 
sentially a  humid  tropical  climate,  while  those  in  the  house 
are  exposed  to  exc^essive  dryness,  an:l  to  an  atmosphere  which 
may  contain  minute  traces  of  the  |>oisonous  gases  arising  from 
combustion. 

1242.  Liqukh  a  fid  Solids,  Comparatively  few  substances 
except  those  possessing  strong  acid  or  alkaline  properties  are 
injuri()us  to  a  plant.  As  indicated  in  G8.>,  preparations  of  arsenic 
which  are  extensively  employed  for  the  destruction  of  insects 
upon  crops  in  cultivated  fields  are  not  absorbed  b}*  plants  to  an 
appreciable  extent.  This  is  further  illustrated  by  the  impunity' 
with  which  various  other  insecticides  can  he  applied  to  green- 
house plants. 

1243.  Numerous  experiments,  more  curious  than  profitable, 
have  been  made  to  test  the  eflTect  of  |K)isonous  alkaloids  njion 
vegetation.  Man\-  observers  have  proved  that  some  plants 
yielding  jwisonous  alkaloids  may  be  ix)isoned  by  applications 
to  their  roots  of  solutions  of  the  very  alkaloids  which  they  have 
themselves  prcxluced  ;  thus  mor[)hia  may  poison  the  poppy 
(see  9G1).  Strasburger^  says  that  morphia  speedil}'  kills  motile 
spores. 

Kuhne^  has  noted  that  the  protoplasmic  movement  in  the 
stamen-hairs  of  Tradescantia  is  not  whollv  arrested,  even  after 
many  hours,  by  a  solution  of  veratrin  ;  and  Pfeffer*  has  observed 
that  the  cells  in  sections  of  certain  flesh v  roots  are  not  killed 
even  wlien  immersed  for  several  days  in  a  saturated  solution  of 
morphia  acetate. 

As  Frank  *  suggests,  these  disci*epancies  in  effects  de|)end  on 
the  ditferences  in  the  power  possessed  by  the  various  parts  in  the 
absorption  of  such  matters. 

1244.  Effects  of  mechanical  ii^jnries  upon  the  plant.  Tiie  most 
important  of  these  are  caused  by  destructive  fungi.     The  destruo- 

1  Wirkuiig  fles  Liditi's  iind  <1(T  Wjiniio  auf  S«'hwarmsporcn,  1878,  p.  6d. 

*  riitprsTi('hun;ifU  iibfr  das  Protoplasm.i,  18'J4,  p.  100, 
«  Pflanzcn|)hysioloj(i«',  ii.,  1S81,  p.  454. 

*  PHanzeiikraukheiten,  1879. 


LIGHTNIKQ.  47T 

tion  pnmarily  affects  tho  eel  I -contents,  and  Ut«r  the  cell-walL 
H  is  very  liighly  probable  that  in  ceiUiin  cases  various  pro- 
ducts of  detiotn position  ai'ising  ri'oin  the  prugrcss  of  tbe  fungi  may 
tliemselves  prove  poisonous  to  contiguous  parts  of  the  plant. 

One  of  the  most  itu|K>rtAnt  probleais  of  practical  boiticulture 
and  agricnlliire  is  tbe  searcb  for  efficient  means  by  wiiich  invad- 
ing fkingi  may  he  ilestroved  nithout  at  tJie  aame  time  injuring 
tbe  host^plaut  to  whieli  tbey  ha^e  attai/bcd  Ihemsulvee.' 

1245.  The  presence  of  certain  Aiugi  in  plants  sometimes  gives 
rise  to  abnoi-inal  growths  and  to  various  distortions.  Wboii  once 
their  disturbing  influence  is  felt,  the  subsequent  growth  may  be 
atfected  for  a  long  time,  and  the  malformations  become  of  an 
extraordinary  character. 

1240.  Considerable  distortions  are  oflen  produced  by  bites 
or  other  injuries  by  insects, °  Galls  —  for  instance  those  of  the 
oak  aud  willow  —  are  among  the  most  noteworthy  instances  of 
this  kind. 

1247.  The  effects  of  lightning  Upon  trees  have  been  examined 
by  many  obser\-crs,  Cobn*  and  Collation'  have  (rointed  out 
some  of  tbe  cbaractertstic  injuries  sustained  hy  8|iecics  of  poplar, 
elm,  and  oak,  slating  that  the  stroke  does  not  nanally  affect  tbe 
sninmit  of  ilie  first  two,  hnt  that  oaks  are  fi-eqnenlly  stnick  at 
their  uj>|»ermost  brancln's.  The  course  of  the  injury  is  often 
spiral,  winding  around  the  trunk  in  strijics  which  involve  part  of 
the  aa]>-wood  and  bark. 

It  is  not  now  belio'ed  that  any  species  of  trees  are  exempt 
from  injury  from  lightning,  although  the  ash  was  (brmeily 
tbongbt  to  possess  a  i-emarkabic  degree  of  immunity. 

ISltl.  Partial  or  complete  blanrblng  of  othenvise  healthy  leaves 
exposed  to  light  has  been  regarded  by  some  observers  as  au  indi- 
cation of  a  diseased  condition.  In  some  coses  the  blanching  is 
dependent  upon  a  lack  of  iron  in  the  soil  (sec  791),  bnt  in  others 
it  appears  to  be  strictly  hereditary,  being  propagablo  both  by 
bud  and  by  seeil.  Nothing  is  knonn,  however,  as  to  its  causes 
in  these  cases,  and  they  arc  generally  refeiTcd  to  the  unsatis- 
factory categorj'  of  sports. 

It  is  worthy  of  ni)liei-  that  a  eonsideraljlc  pro|wrtion  of  the 
so-called  variegated  plants.  csi>eiia]!y  of  those  which  have  only 
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white  spots  intermingled  with  the  green  of  the  leaf,  come  from 
eastern  Asia,  notably  from  Japau.^ 

1249.  The  lease  of  life  of  an}'  given  plant  is  fixed  primarily 
h}*  the  inherited  character:^  hence  we  have  annuals,  biennials, 
and  perennials ;  but  these  diffei-ences  are  not  in  all  cases  abso- 
lute, in  some  the}'  are  even  ill-defined.  The  lease  of  life  is 
mollified  secondarily  b}'  external  infiuences,  which  have  been 
BuflSciently  discussed  in  the  present  volume.  In  conclusion, 
attention  should  be  called  again  to  the  fact  (see  Chapter  V.) 
that  in  many  instances  the  duration  of  the  life  of  the  plant  is 
determined  lai*gely  by  mechanical  factors,  especiall}'  the  strength 
of  materials. 

^  Morreii :  Heredity  de  la  Panachure,  1865,  p.  7;  Frank  :  Pflanzenkrank* 
heiten,  p.  465. 

*  The  student  should  examine  Minot  on  "  Life  and  Growth*** 
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The  numbers  following  the  titles  refer  to  pages.     An  italicized  page-namber 
indicaUrs  that  the  term  which  it  follows  is  defined  on  the  page  to  which  it  refers. 


Absolute  alcohol  (C^HeO),  use  of, 

as  a  medium,  5,  9. 

Absorption,  chemical,  by  soils,  243;  de- 
pendence of  rate  of,  upon  temperature, 
270;  of  ammonia  by  leaves,  332,  341; 
of  aqueous  vapor  by  leaves,  283;  of 
carlxmic  acid  by  plants,  290;  of  gases 
by  wuter,  300  n. ;  of  liquids  through 
nmts,  2^]0;  of  moisture  by  soils,  239; 
of  oxygen  during  germination,  4Go; 
of  saline  matters  fmm  soils  by  n>ot9, 
244;  of  water  by  feeds,  4G3;  of  water 
during  germination,  466;  of  water 
previous  to  metastasis,  267;  relation 
of  transpiration  to,  270;  through  the 
cut  end  of  a  ^lem,  263. 

Absorption-lwuds,  292,  203. 

Acetic  acid  (HCjUaOi),  as  a  reagent, 
9,  54;  as  a  mounting-medium  with 
glycerin,  21. 

Achnimatin  («,  without;  xP^Ma»  color), 
375. 

Acid  azo-rubin,  19. 

Acid  nitrate  of  mercury  (Hg[NO,],),  13. 

Actinic  rays  of  the  spectrum.  Stt  Chem- 
ical Kavs. 

Active  protein  matters  of  plants,  44. 

Adaptation  of  plants  to  dry  climates, 
280. 

Adenophore  (**'»»',  a  glaod;  ^opim,  I 
l>ear),  451. 

iEsculin  ((-„H^O,j),  362. 

i£thalium  septicum,  composition  of  pro- 
toplasm of,  107:  bicomotion  of,  397; 
preparation  of  plasmodium  of,  for  ex- 
amination, 106. 

Agamogene>is  (a,  without:  y«mo<,  mar- 
riage ;  yivtai^^  origin),  426. 

Age  of  trees,  140. 

Aggregation,  S40,  343,  421,  n. 


Air,  composition  of,  303;  contained  in  a 
plant,  100 ;  contained  in  fresh  woods, 
261 ;  removal  of,  from  specimens,  9. 

Air-passages,  100. 

Air-plants.     Stt  Epiphytes. 

Albumen  of  the  seed,  181. 

Albumin,  diffusion  of,  223 ;  of  plants,  363. 

Albuminoids,  325,  n.;  formation  of,  in 
the  plant,  335;  tests  for,  28;  transfer 
of,  356. 

Alburnum.    Stt  Saf»-Wood. 

Alcohol  (CsHsO),  action  of,  upon  cer- 
tain parasites  and  saprophytes,  294; 
action  of,  u|Hm  chlorophyll,  41,  290; 
use  of,  as  a  medium,  5;  use  of,  as  a 
preserving  and  hardening  agent,  9; 
use  of,  in  iircpanttion  of  s|)ecimens  for 
mounting,  23;  use  of,  in  removing  air 
from  sp«  cimens,  9. 

Aldrovanda,  344. 

Aleurone  grains  (aA«vpoi',  wheaten  flour), 
47.    Stt  also  Protein  Granules. 

Algse,  absorption  by,  230;  growth  of 
certain,  at  low  temperatures,  385;  in 
hot  springs,  205. 

Alkaloids,  327,  365 ;  cannot  be  utilized 
by  plants,  335;  effect  of,  upon  plants, 
365,  476. 

Alkanna  (alkanet  root),  18,  363.  n. 

Alum  (K,A1..[SOO«  +  24  H,0  or  [NH.], 
AlsO,lSO,]4  +  24H,0),  10. 

Aluminium,  occurrence  of,  in  plants,  256. 

Amides,  occurrence  of,  in  grasses,  338. 

Amidoplasts  (afivAov,  starch;  wAaa<r«,  I 
form),  name  proposed  by  Errera  for 
leucoplastids. 

Amnumia  (N  11,011),  absorption  of,  by 
leaves,  3.32,  341;  absorption  of,  by 
soils,  243;  funuation  of,  in  putrefac- 
tion, 333. 
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Amnionia-cannin,  16. 

Amoeboid     movement    of     protoplasm 

(oMOi^ij,  change;  «i*o«,  fonii),  201. 
Amylo^enic  bodies  (ofivAoi',  starch ;  Y"^ 

»'*«t  I  produce),  -W.     S<t  altMi  Leuco- 

plaAtidii. 
Amyloid  (i^vAor,  fttarch ;  «I4o«,  form  ),32yfu 
Anirethetics,  effect  of,  upon  protoplasmic 

movements,  211;  effect  of,  upon  the 

Sensitive  plant,  424. 
Anaplast  {i-i^wkitrom,  I  shape),  287,  n. 
Andruecium    (*Hp,    a    man;     •!«»«,  a 

house),  426. 
Angios|)enns    (iyytioi',    vessel;    owrfp/Ao, 

a  seed),  fertilization  in,  426. 
Angle  formed  by  the  union  of  a  branch 

and  the  trunk,  19.3. 
Anilln  blue,  action  of,  upon  callus,  94. 
Anilin  chloride,  use  of,  as  a  test  for  lig- 

nin,  10,  37. 
Anilic    sulphate  (2  [C«U,NH,]S()«Ht), 

use  of,  as  a  test  for  lignin,  10,  37. 
Animals,  occurrence  of  chlorophyll  io, 

288. 
Annual  growth  of  roots,  114;  of  stems, 

137,  139. 
Annular  markings  (annulut,  a  ring),  30, 

85. 
Anther  (ii'^vrft,  flower}*),  development 

of  the,  171. 
Antheridia,  441,  n, 
Antherozoids,  440,  n.,  441,  n. 
Anticlinal  planes  (<&»^t,  against;  xAirctv 

[cAi'iw],  to  incline),  382. 
Antipodal  cells  {ii^h  against;  voi^,  a 

foot),  434. 
Apheliotropic   curvatures    (av^i    from; 

fi^tof ,  the  sun ;  rp6wot,  a  turn),  393. 
Apical  cell  in  roots  of  the  higher  crypto- 
gams, 117. 
Apogamy    (av^i   without;   y^-f^t  mar- 
riage), 446. 
Apogeotropic  organs  (^^6,  from;  yv*  the 

earth;  rp<(vof,  a  turn),  392. 
Apospory  (irrf,  without;  aw6pot,  seed), 

the  substitution,  in  reproduction,  of 

budding  for  asexual  spore-formation. 
Apostrophe  (*»rf|  from;  <npo^ii,  a  turn- 
ing), 399. 
Apposition  theory  concerning  the  growth 

of  the  cell-wall,  219. 
Approach  grafting,  152. 
Aquatics,  absorption  by,  230;  epidermis 

of,  67. 
Aqaeous  tissue.     See  Water  Tbsue. 
Arabin  ( 20.11, o0.4-H,0),  368. 
Archegonium,  441,  ».,  442,  «.,  448,  «. 


Archesporium  (^x^i  beginning;  o^dpoc, 
seed),  171^  n.,  379. 

Areolated  dots  {areola,  a  small,  open 
place),  30,  82. 

Argentic  nitrate  (AgNOa^,  10. 

Arsenic,  occurrence  of,  in  plants,  256;  uae 
of  compounds  of,  as  inaecticidea,  476. 

Artificial  cell,  226. 

Asexual  reproduction,  426,  444. 

Ash,  amount  of,in  plants,  236,247;  compo- 
sition of,  in  plaut^,  247;  of  autumn  and 
spring  leaves  compared,  281;  office  of 
the  different  constituents  in  plants,  252. 

Asparagin  (C«UtN,Ok+H.O),  10,  JM, 
872. 

Asphalt-cement,  20,  24. 

Assimilating  system  of  the  plant,  285. 

Assimilation,  185,  284;  a  process  of  re- 
duction, 285,  320;  chlorophvU  acts  as 
a  screen  in,  323;  conditions  for,  285; 
contrasted  with  respiration,  356 ;  coune 
of  transfer  of  the  products  of,  366; 
Draper's  experiments  upon,  310;  eariy 
history  of,  323;  effect  of  artificial  light 
upon,  316;  formic  aldehyde  hypothe- 
sis, 322;  free  oxygen  not  necessary 
fur,  318;  influence  of  colored  light 
upon,  310;  measure  of  activity  of,  by 
the  bacterial  method,  315:  measure- 
ment of  the  amount  of,  312;  portion 
of  the  spectrum  causing  maximum 
activity  m,  314;  practical  study  of, 
305;  products  of,  320;  products  of, 
necessary  for  growth,  384;  raw  ma- 
terials required  for,  299;  relations  of 
carbonic  acid  to,  318;  relations  of  tem- 
perature to,  316;  storing  of  producta 
of,  in  perennials,  373. 

Atavism  (atavut,  an  ancestor),  447. 

Atom,  213,  n. 

Auric  chloride  (AuCl,),  10. 

Automatic  (autonomic)  movements,  418. 

Autoplast  (avTot,  self;  vAiww,  I  form), 
287,  ». 

Autumn  wood,  1.38,  395. 

Autumnal  changes  in  color  in  leaves, 
297. 

Auxanometenv  (ni^iivi^,  increase ;  fi^rpor, 
measure),  383. 


Bacteria,  measurement  of  activity  of 

assimilation  by,  315. 
Balsam,  Canada,  22:  Copaiba.  363;  of 

Fir,  363;  of  Peru,  363;  of  Tolu,  868. 
Balsams,  97,  3fi3. 
Barium,  occurrence  of,  in  plants,  266, 
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fart.  147.  im. 

Oilck  hypociiloriie  {C»CI,0,).  um  of.  ni 

lJ»in<b-.l  gn>«lh  (A>».  tMMi  /ogo.  I 

•  btuciliinK  igenl,  11. 

H»J,  ISO, 

B*»iprUJ  BTOWIh   (4n«<,  Um;  iwto,  I 

|i  ILK.  39.  M.  84T,  337;  oilii'u  of,  uiit 

■nnt-e  lowtrd).  IM. 

U««riD  iCHM^,  m. 

C^.\\^*,  w  «  u«u»  «f  htdinK   plant 

Uut-AI>r»,  8T;  diii^iiff  lo«ilber  of,  in 

woutuls,  160 ;  in  iIovm,!!-,  M. 

iioicr  l«rk.  H7:  in  crib.»  portion,  of 

I  p«d«i*).  107.  ». 

«h«tlu  of  coltMBial  l>u>iill»,  laJ:  nj- 

Cunliiuin,     ICU.    liJ.    7J^,    ISSj     ceD- 

Mom.  1*7;  tin  »l.  00;   M.lub.lily  of, 

divMon  in,  177. 

33,11.:  >liei<gl[i  of.  18^. 

BMlo-xaunin,  IT. 

Cinibiumnlir»,Sl.i>. 

Benul  ((:;ilj,  ■  Urant  (or  tau^  lOj 

Ckuiera  luculi,  4. 

luo  of,   ill   prcpwllun  of  t|>eciaiaiu 

Cin.pl'<«.  M3- 

for  mounllus,  Bj  im  of,  iii  tecMoa- 

Canada  bat»m.  33. 

Ciuie-unar  {C^\i„0,^).  aiDOUDt  ot.  in 

planlt.  3SBi   diSution  of,  233;   lot 

for,  53. 

Uibuluui  f»\teT,  u«  uf,  B. 

l-aplllary  water.  313. 

BicuiUlcr.!    bDiidl«,    VA  ;    b    >ttiii>, 

tyanmA.  •\\n,^\,m  of,  *83.  2M.                                          ■ 

laa. 

(-■ri»hj<ir<it<H,  b\.  mi  lran.(cr  of.  369.            ^^^M 

CarWie  arid  a;il..Ufl).  n>c  ut,  u  a         ^^^H 

iiu,  IM. 

cl«rl..f[  .e.nt.  16T;  u-  of,  a.  a  l«.t         ^^^1 

Diror.ii«  (*t/-onn,  h.viog  t«a  doom), 

fur  lir>1n,  II,  ST.                                               ^^^H 

M.m. 

Carhon,    .].propri.(iMi   ol.   by   pUnU,           ^^H 

BiaiiL'iiiiie  of  i«v»,  au,  »r.  «tt. 

S8S                                                                                      V 

Ill«rt.«.IU  (*»WT*.-,  ,1,^.  «*A^  glue), 

the  balum  rr»d"«d  nn  bod*  by  gl.ii- 

dolU'  iudt.. 

Carbonic  afid  (■<•»!  in  Ihia  worh  aa  a                           ■ 

w™  tor  c«fci«i  dloiidf .  (XW.  ab<oip-                       T 

lllcHliDK  -rf  nl.«l>,  984. 

lioD  of,  by  pl.nl.,  m.  *»i  au-ouRt 

Bln.m.  BT,  *M. 

Burderwl  pib..  30,  83 

Boron.  oaiimn«of,  in  planl.,  3M. 

calorie  innsy  bi  %Ut  114;  amount 

lU. 

ut,  in  iialural  vaun,  MX);  amnuntof. 

Branchine  of  nnK  t  IK,  333. 

in  r.in.*«w,  309,  300,  -.:  amonnl a^ 

Br»#rl(*,  BO. 

(ffcrt  of  ■  larsc  (uppl.*  of.  <>po«  **8*- 

■■■ion,  304,  3IH;  nxiu  do  not  laka  up, 

BitdrtinK,  Uf.  U4- 

300. 

Burto  on  iti>-<»,  l«3. 

(Viniiln,  IB:  wlUi  picric  ncid,  IT. 

B.id-Tiriiti(m..  44*. 

Camlvoroiu  Jjlantt.  388. 

H»n<11o«hr«lh.  104. 

Bjbli,,  W. 

Cmitin  of  plant..  M3. 

n.M»r.^il.  UK  ot.  u  a  mrdlum.  A. 

twivwini-nt.  ..f  Ibft  403:  «n.i(ivrtirM 

Cffeln.  (C,H.N.<».).  *»T. 

uflbf.  413;  .rn«^nrv  of  thr.  IIW,  118. 

rjitcr.rR>.n»ll>,  9«). 

Cao>r>r  »da.     Sm  Sndk  FlTamlir. 

C.lcif   rhtoflde    (fiCl,!.    OK   of,  ••   a 

oHKin  of  nam*,  tfi. 

ing  midiiim.  Sli  um  of.  In  lh<  wou- 
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of  Pinuii,  377 ;  in  the  development  of 
polleu-^rains,  370  ;  in  the  formation 
of  stomata,  '570 ;  method  of  demoiiatra- 
tion  of,  ^i8i). 

Cell -plate,  376. 

Cell-sap,  carb< (hydrates  in  the.  51 ;  color 
of  the,  in  tiowers,  170;  color  of  the, 
masks  that  of  chlorupin  11,  204. 

CelU,  animal,  analo<^(>u.H  to  vegetable, 
220;  clas^Hitieation  of,  [>C,  59;  develop, 
ment  of,  58;  uu'ihud  of  detennining 
the  den;(itv  of  the  contents  of,  390; 
morphological  changes  in,  during 
g^wth,  373;  tiirgidity  of  newly 
formed,  38'.). 

Cellular  system,  57,  60,  102. 

Cellulose  (ColIioOs).  composition  of,  31; 
formation  of,  in  cell^li vision,  376;  oc- 
currence of,  with  cryslals,  54;  rela- 
tions of,  to  moisture,  21U;  solubility  of 
the  moditications  of,  3^3,  n.,  35,  n. ;  spe- 
cific gravity  of,  145;  stability  of,  354, 
357;  testa  for,  8,  11,  15,  31.  '  Stt  also 
Cell-wall. 

Cell-wall,  capacity  of  the,  for  transfer 
of  water,  258  ;  direction  in  which  the, 
is  laid  down,  380;  formation  of,  2 J, 
218;  growth  of,  218,  355;  markings 
of  the,  21);  moiliHcations  of  the,  34; 
plates  of  the,  in  cork-cells,  .38;  rela- 
tions of  the,  to  protoplasm,  218;  rela- 
tive amount  of  space  occupied  by  the, 
in  fresh  wood,  201;  structure  of,  29, 
257;  ten*ions  in  the,  390. 

Central  cylinder,  changes  in  the,  113; 
structure  of  the,  110. 

Centric  arrangement  of  leaf-parenchyma, 
168. 

Cerasin,  358. 

Chemical  absorption  by  soils,  243. 

Chemical  rays  of  the  sjwctrum,  308;  least 
emcient  in  assimilation,  310,  3U,  313. 

Cherry-wood,  use  of,  in  testing  for  lig- 
nin,  14. 

Chloral  hydrate  (CCI,Cn[OH],),  11,  42. 

Chlorine,  occurrence  of,  in  plants,  247; 
office  of,  in  the  plant,  254. 

Chloroform  (CHClj),  effect  of,  upon 
protoplasmic  movements,  211;  effect 
of,  upon  the  Sensitive  plant,  424;  use 
of,  in  pn.'paration  of  specimens  for 
mounting,  23. 

Chloroform-balsnm,  23. 

Chloroiodi«lc  of  zinc,  8,  33. 

Chloroleucites.     jSVe  Cliloroplastids. 

Chlorophvll  body  (xAwpov,  green;  i>vKkov^ 
leaf),  41. 


Chlorophyll  granules,  26,  41,  286;  actioD 
of  alcohol  upon,  41 ;  action  of  darkness 
upf>n,  42;  action  of  hydrochloric 
acid  upon,  290,  475,  ».;  action  of 
steam  u|)on,  290,  475,  ».;  action  of 
various  agents  upon,  474,  fi. ;  break- 
ing up  of,  at  autumn,  298 ;  formation 
of,  287;  in  epidermal  cells,  67;  in 
evergreen  leaves,  298;  occurrence  of, 
288;  position  of  the,  during  the  day 
and  at  night,  398;  I'ringsheim's  study 
of,  13,  28J;  stroma  of,  290;  structure 
of,  289. 

Chlon)phyll  pigment,  41,  286;  ab»ence 
of,  in  certain  plants,  2J4;  changes  in 
the,  at  autumn,  297;  color  of  a  solu- 
tion of  the,  not  permanent,  296;  ex- 
traction of  the,  290;  fluorescence  of 
the,  294;  in  Florideie,  295;  spectrum 
of  the,  292,  313. 

Chlorophyllan,  291,  n.,  292,  «. 

Chloroplastids  (ac**»po<»  fi^reen;  »A^a», 
I  form),  41.  Stt  also  Chlorophyll 
Granules. 

Chlorosis,  297. 

Chromatin  (xP^MOf  color),  J75,  S78. 

Chromatophorcs  (xP^^*  [gen.  xp»m«t»«], 
color;  ^op««,  I  l>ear),  41,  ».,  287,  fi. 

Chromic  acid  (CrOa>,  action  of,  upon 
the  cell-wall,  11,30. 

Chromoleucites.     Set  Chromoplastids. 

Chromoplastids  (xp»M*»  color;  rAoovw, 
I  form),  41,  287. 

Cilia  {ciliumy  an  eyelash),  movements 
by  means  of,  398. 

Cinchona,  bast-fibres  of,  148,  n. 

Circumnutation  (riVraiM,  around;  nuta- 
tioy  a  nodding),  400;  in  seedlings,  403; 
methods  of  observation  of,  401;  modi- 
fied, 401,  407;  of  the  radicle,  403,  415; 
of  tendrils,  417;  of  the  young  parts  of 
mature  plants,  405- 

Citric  acid  (CeHaOr),  360. 

Clathrate  cells  {clathi%  a  lattice),  the 
name  given  by  Mohl  to  cribriform 
cells. 

Clavev  soil,  238. 

Clenring  agents,  7,  10,  11. 

Cleft  of  a  stoma,  269. 

Climate,  adaptations  of  plants  to  a  drv, 
280. 

Climbing  plants,  405. 

Clinostat  (tAiVc*,  I  incline;  vrarAt^ 
placed),  408. 

Close-fertilization,  447;  results  of,  con- 
trasted with  those  of  cross-fertilization, 
448. 


^^^^^^^^H                                                                          1 

^^^^a5I?b5di».  JO*.  iM. 

Cortical  shuth,  a  Unn  appliud  bv  Nil. 

r                     Co.l-ier  cilur.,  IS,  3». 

Kuti  Id  Iba  wliole  of  lb«  priuuU7  bait 

Cobair,  oecurrtn»  of,  iu  pluU,  iH. 

bundlo. 

C«tl«n,  17B. 

Cul4.  eB«i>  of.  upon  planU,  ITl. 

Co«on-blu«"B,-I9. 

Coleiirhiii  («.•*.*(,  *btMb:  fC  root). 

Cover^'la«»,  4,  8. 

t                         ""•"■.. 

Creowting,  Hi. 

Crllirin>miliu[iu<rriiri<>ii,tiet-ti/i>rfB(>, 

131. 

f..^ll^  ei. 

IntuMMiXMi  ■•<  "o".  llOl  mnui^h 

or.  I»l. 

ColloiiU  (-"A«,  Rhie;  ■»«,  like),  933, 

m«. 

tl8. 

'■c<.io™a"pUiiis.iw. 

Cnwn  at  Iht  ItKrt.  IBI. 

Cvlors  u  n«ttr  sul<ln,  4U|  of  flowrn, 

170,  lUi  <>t  Iruiti,  ITT;  ot  plains  >le- 

r<..i.of,  llUi  itoniiof,  161. 

vcl<<p«d  in  darkneM,  S8S;  of  .inU, 

ITS!  ufwoodi..  HI. 

lonii),  IS.  n.  183. 

cliytM  in  Iwf  of  Ihc,  160. 

Cntlak  colli pneilion  of  pUnl.  M;  (oi^ 

CuinpliiU  OKidatlon,  abS. 

uiallon  el,  hy  Vc;qui'>  notbod,  U; 

o»mpMn»i  w™,  ea. 

(orrns  nf  pl«.it,  Mi  ill  h«.t.  89,  1*1 1 

o«UTTfnt.of.i>.pl»M.,63,M,». 

ConpoKiid  piiub,  na. 

Cullivat,.!  plaiiUi,  .upplj-  of  ..iln^ai  to, 

Cononilrio  baiidlo*,  Jtruclure  of,   IM, 

334. 

1«. 

Cupric  oMIal.  (CUIC.IUO,],),  UM  of,  in 

ConduLll™  liMUe  of  the  ovary,  MS;  «f 

cxauiinalion  of  n>in>,  IS. 

the  rtyK  «1. 

Cupric  tulphate  (CiiSO,),  13. 

CoiiglMlin,  303. 

CoDlftrlD  (CmH.O,  4-  aH.O).  MS- 

Cuticle  (»riV»fa,  Ibe  tkin),  «;  wlutul. 

ity  of,  34, .. 

Cnliculuind  b;en,  68. 

Ciitin  {<»tii,  >kiii).  38. 

Copper  *aU.,  »«  of.  in  making  fndfi- 

CMlo«.  36,  ■- 

Cor»lIin  (tVI,.0.),  IS. 

Cyanic  (knrw  color*  (">»«.  dark  bluth 

Cork,  ■•  •   mean*  of  hMlinfc   pbnl. 

niinda,  IM;  charactor  of  nll-mlli 

Cyiii'tltb*    ('«mi,    bladder:    '^*t-    ■ 

ot.TS;  color  oinllxif,  IS;  fomuuloa 

■hHie),  40. 

of  Mill  of,  TSt  origin  and  tomMtloa 

ot  Jt,  148 1  itMtion  of,  vitfa  iodiiw, 

M,-. 

Danab.9:i.i«0. 

Cork  i-ambiiim.    Str  PhellogaD. 

Darknon,  m>)ot  of  plani*  duvclopcd  in. 

Cork-rortM r(ll>,  IIS.  a. 

a88;«fl«-ti.f,  up..o=pi!iiiiig.nd  do.- 

Cork  n»ri>teni.    Sn  rhcHnttin. 
Corpu«l«  lo,7«rW-.  a  lit!],  body). 
U8. 

Ing  of  noi».«..  MTOi  .(l«t  of.  npon 

Corn-ion  br  n»U,  UK. 

IMoliatiMi,  lU. 

1                         ride. 

1                  Cvnix  (e-Hltt.  the  bark),  in  paruhic 

UcnilU  of  wood.  144. 

1                     mou,   n«i   In  nwl.,   UO,  IH;   in 

Uopth  (o  whltb  mot.  brancb,  83). 

1                            UNM,   lU). 

Oerivaii™  hjbriU.,  418. 
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Dermatogen  (Mpm«  [gen.  Acpfuiroc],  skin ; 
YCKKMi,  I  produce),  105^  118,  1&5. 

Desmids,  movements  of,  398. 

Desmodium  g\'raus,  413. 

Dextrin  (CeUioOs),  51,  358. 

Dextrose.    Stt  Grape-sugar. 

Diageotropic  organs  (J^i  through;  yii, 
the  earth;  rp6wiiKt  a  turn),  392. 

Diaphragms,  for  controlling  the  illumi- 
nation of  microscopic  objects,  2;  of  air- 
passages,  100. 

Diasta^  {tiavrvmrt^,  separation),  468. 

Diatoms,  movements  of,  398. 

Dicotyledons  (5i<,  twice;  •orwAn&ii',  a 
cup-shaped  hollow),  distribution  of 
mechanical  elements  in,  193;  secon- 
dary structure  of  stems  of,  136 ;  stems 
of,  129. 

Diffusion,  laws  of,  222;  of  liquids,  221; 
of  gases,  301. 

Dionssa  muscipula,  342;  related  to  Dro- 
sera,  351. 

Dipsacuft,  350. 

Discoid  markings  (Siacoc,  a  round  plate; 
ciaoc,  form),  30,  82. 

Diseases  of  plants,  470. 

Dissecting  instruments,  2. 

Distances  to  which  roots  extend,  235. 

Division  of  labor  in  the  plant,  185. 

Donblcsstaining,  19. 

Drainage  of  soil.4,  amount  of  solid  mat- 
ter dissolved  in  water  from,  244;  rela- 
tions of  rain-fall  to,  242. 

Drawing  of  prcftarations,  4. 

Drawn  shoots,  388. 

Drosera  rotundifolia,  339;  related  to 
Diona>a,  351. 

Drosophyllum,  345. 

Dry  mounts,  20. 

Ducts.    Ste  Vessels. 

Duramen  {durartf  to  harden).  See 
Heart  wood. 

Dwelling-houses,  plants  in,  368. 


Eabtii-worms,  influence  of,  upon  the 
character  of  the  soil,  239. 

Egg-apparatus,  435. 

Electricity,  effect  of,  in  forming  nitrogen 
compounds  in  tlie  atmosphere,  332; 
relations  of  protoplasm  to,  207. 

Electric  light,  effect  of,  upon  assimila- 
tion, 316. 

Embryo,  life  of  the,  459. 

Embryo-sac,  434. 

Enchylema  («yx<m,  I  pour  in),  198. 


Endodermis  {iv^w^  within;  Mpi^t  th* 
skin),  63,  104,  110,  120. 

Endogenous  stems  («i'Aov,  within ;  yrvtm, 
I  produce),  129. 

Endopleura  ((c^or,  within;  vA«vp^  the 
side),  178. 

Endosmose  (<*^r,  within;  «>«i«^t  a 
thrusting),  229. 

Endosperm  (c»^»'i  within;  oni^ui^  Med), 
437. 

£ii<^i^'f  ^^)  3^;  supply  of,  for  work, 
354.* 

Eosiu  (C»H,Br40i),  19. 

Epiblema  {ini^inna^  a  cloak),  230. 

Epicotyl  («»»t  upon;  «otmA^,  a  cup),  403. 

Epidenual  spines,  U9. 

Epidermal  system,  102. 

Epidermis  («'*,  upon;  MpH«t  the  skin), 
58,  64;  cells  of,  65;  diffusion  of  gases 
through,  302;  multiple,  67;  of  the 
flower,  170;  of  the  leaf,  161;  of  tlie 
ovar}\  172;  of  the  stem,  119;  waxy 
coatings  upon  the,  66. 

Epinastic  curvature  {*^,  upon;  r«aTtfv, 
pressed  close),  408. 

EpiphA'tes  (<v^  upon;  ^vrtfr,  a  plant), 
352.* 

Episperm  {i^,  upon ;  vwipii^  seed),  178. 

Epistrophe  (^vivrpo^i}),  a  turning  about, 
399. 

Epithelium  of  air-spaces  (««!  upon;  9^^ 
nipple),  101. 

Equilibrium  of  water  in  the  cell,  258. 

Equisetum  {tquut,  a  horse;  tatta  \§eta\^ 
hair),  epidermis  of,  154;  stem  of,  154. 

Erythrophyll  (<pv0pbt,  red;  ^vAAor,  leaf), 
291,  n.;  297. 

Ether  (C«H,oO),  effect  of,  upon  proto* 
plasmic  movements,  211;  a  solvent 
for  fats,  12. 

Ether  (of  space),  806. 

Ethereal  oils,  362. 

EtiolaUon,  288,  291,  295,  388. 

Ktiolin,  291 ;  spectrum  of,  296. 

Evaporation,  comitared  with  transpira- 
tion, 275 ;  from  an  animal  membrane, 
275 ;  from  soils,  241 ;  from  the  surface 
of  a  plant,  257;  relation  of  growth 
to,  271,  n.;  relation  of  rain-fall  to, 
242. 

Evergreen  leaves,  164;  changes  of  chlo- 
rophyll granules  in,  at  autumn,  298. 

Exine.    See  Extine. 

Exogenous  stems  («^«i  outside;  ytrWU*, 
I  produce),  129. 

Exosmose  (<(m,  outside ;  it^iU^,  a  thrust- 
ing), 229. 
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Estine  (alrr,  on  (h«  oatildt).  4!S. 

Fluontccnn  at  ibt  chlerophyll  pigment,                    M 

«M.                                                                         ■ 

of  pUi>u.  am. 

Fluorlnt,  orcumnn  or,  in  planli,  !U.                          ■ 

Ey«^.i««,a. 

Foliar  tn«  IjUium.  a  Iraf),  ISS.                                   ■ 

Food,  tittcit  iif  iinpfopcr,  upun  planU,                     V 

4T3i  matrrialt  lar,  in  ttcds.  133.  43T,                         ' 

Fall  at  tha  leaf,  wa.  SIT. 

Fvcii'ha  »l  miiwe*  (/Kctnilw,  ■  gmalt 

Fnramen  of  tho  ovule,  ITO. 

bDDdlel,  )M 

Force  (^lontil  durinx  groKth,  39S. 

Pucicular  ifslim.  103. 

Forcing,  4+4. 

Forcria,  tlFrct  o1.  upon  Ibe  amonat  ot 

TtnlBfQr,  ID,  11,  li. 

walar  in  tlio  tnil.  383;  cScct  of,  upon 

nin-fail,  383:  humidity  of,  381. 

Fcnnenli,  SM,  W6,  4flT. 

Formic  aldeby.!.  (CU.O)  lijpotli«»lt  >a 

K*rn-,«pidenntaof,IM;rqiroductioiiia, 

Ui.  Udi  *lemi  or,  lU. 

Fomia  or  lirt  of  llie  plinl,  47% 

r«rric  KoLt.  (Foti:,ll.O,].)  a»d  u  > 

Fovilla  (/otto.  1  th»ri»h),  439. 

tM  tor  unniii.  IS. 

Franchimonl's  irsl  {<>r  ruiiu,  13. 

rirric  chlorUt  (F<,CU  UMd  u  ■  lest 

Frtnnhofcr'i  lin(^  SV3. 

for  Manin,  19. 

Fret  nilrogeu  not  availaUa  to  planU, 

?crrk  MlplMlo  (KeJSO.Ji)  u>ed    m  ft 

an. 

t«l(orl.r.>.i,.,  IS. 

Frtro  refni  in  Icarw,  IBT. 

F«nlliutli>a.    el«H.    447;    crou,    147; 

Fromy's  procew  for  tKlracllon  ot  iha 

cblo>»phyll  plgmcni,  WO. 

438;  in  dilTorant  dtgrcei  uf  conurx 

Fttj-'.  glyMrin<araiiu,  17. 

Fro-id.  o(  the  palm-fltcm  </.  «w,  a  kafr 

In   hybriil*,  4M;   miilis  ot  dilleRnt 

hraticli),  131. 

fnxt.  rBtcl  of,  upon   plant*,  4T1;   not 

FIbr«  (>4m.  >  flbn),  67.  THi  bi.t,  fTj 

n«re»Mi7  In  ll»  prmluFlion  of  Iho  au- 

tumnal changes  of   color  in  leave*. 

Mpial*,   80;   witniiruls,  tOt   tr»vly. 

»8. 

SO. 

Fniiif,  vbtngtt  la  Ihe  ripening  of,  4M[ 

fibrn-riiMuUr  hiinrtlw   (Jllrra.  m  tbn: 

[la»inealian  of  explosive,  «W;  raloT. 

funUm.  »  tm»n  rnwl),  103;  bicol- 

ini;-inallert  of,  ITT;  (aMciiIng  of.  In 

Intnl.    104  i  clownl,    104,    188;   n.U 

■blMl,    104,    IJI;    coocrnlHc-,    104; 

•  jartiof,  104,  lll;cmiMor.  »«,  1!5; 

duo  to  ehaoKR.  in  ripening  ot,  UO; 

nalHrsof.  ITS. 

ditTrilwIion  ol.   In  [wimi,    I?7.  l«l, 

FniU-augar,  au), 

UI,  ■.;  (on»Ulon  of,  IM,  13T;  in  Ihi 

Boww,  I70i  In  th.  Inf.  IM:   in  llu 

orar}',  ITS;  <n  Ihc  tttm,  llOi  niimbcr 

tern. 

"^  of,  in  Iha  Rntnl  crlindtr,  1 1 1 :  optn. 

Fungi,  Injurie.  to  pbnia  by.  474,  478; 

lU;  n<tM,  104;  lilation  of  tlm  num- 

M.lHlio...r.^rnlliv.fionot,aSl... 

b«r  »f,  in  ihe  Imtc*  (a  the  number  ol, 

Funiculua  t/uitle^mt,  a  ilendar  cotd). 

in  thv  •Inn,  IS9. 

in. 

Fibro-nifubT  tnlem,  BT,  103. 

Filtering-|i«p.r,  uMot,  B. 

niirailon  Ibmigb  »ili,  343. 

OlUJO  AriD  (CtlbOt),  881. 

FIm4  «lr,  304. 

Flonl  clock.  412. 

«nd«iHtian  of,  by  mil..  344:  dilTn- 

FluWDn,  eolora  d(,   170,  4&3i  ilivrlofb 

■i r,  301;  tUtti  „t  noxiaiis,  upon 

mcninf,  ti»;«1or...f.  4MTi*Bi'dBl 

plant-.  (-3;   rfwrl  of  *anoo^   apntt 

at  iDodllM  br«nc)M>,  IMi  HmM  of 

gro«.l.,  3S4:  in  ..iD-««l.r,  MO,  «.; 

optninc  and  tlodng  «(.  111. 

pauage  of.  Ihrvugh   epid«n>fa  flM 
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from  stomata,  302 ;  pasnage  of,  through 
stoniata,  303;  pniportions  of  variuuit, 
in  the  air,  303;  relatious  of  protoplaam 
to  variourt,  210. 
Gelatin,  of  plaiitii,  364;  (annate  of,  236. 
Gelatination,  34. 
Genera,  447. 
Genlisca,  346. 
Gentian-violet,  380. 
Geotropic  organs  (y^,  the  earth;  rpdwot, 

a  turn),  3U2. 
Geotrtipism,  392. 
Gerlach's  animonia-cannin,  16. 
Gennination,  changes  during,  468;  con- 
ditions of,  462;  not  hastened  by  chem- 
ical means,  468;  of  oily  seeds,  368, 
468 ;  phenomena  of.  466 ;  relations  of, 
to  light,  466;  relations  of,  to  tempera- 
ture, 404;  stages  in,  462,  n. ;  time  re- 
quired for,  at  various  temperatures, 
466;  when  complete,  462. 
Girdling  of  stem*,  258. 
Glaciers,  aid  of,  in  the  formation  and 

distribution  of  soils,  238. 
Glands,  nectar,  451 ;  of  the  Droaera  leaf, 

839:  of  leaves,  161. 
Glandular  hairs,  68. 
Gliadiii,  364. 

Globoids  ((/iifbuSf  a  round  body)  47 
Glucose  ((:UI„0«),  52,  859;  held  to  be 
the  tirst  product  of  assimilation,  322. 
Glucosidc,  292,  n.,  362. 
Gluten-casein,  363. 
GIutcn-Hbrin,  364. 
Glycerides.    See  Fats. 
Glycerin,  effect  of,  upon  protoplasm  in 
cells,  199;  use  of.  as  a  me<iium  in  mi- 
croscope work,  5;  use  of,  as  a  pre- 
servative medium,  21 ;  use  of,  as  a  re- 
agent, 12. 
Glycerin  etiiers,  360. 
Glycerin-jelly,  22. 
Gold  orange,  19. 
Gold-f«izc,  24. 
Graft-hybrids,  445. 
Grafting,  152,  444. 
Grains  of  the  cereals,  181. 

Granulose  (gnmuium,  a  small  grain), 
50. 

Grape-sugar,  359.    See  also  Glucose* 

Gravelly  soil,  238. 

Great  curve  of  growth,  889. 

Green,  brilliant,  19;  emerald,  19 ;  roethvl, 

19. 

Green  chlorophyll,  322. 

Grcnacher's  alum-carmin,  17. 

Growing-point,  106. 


Growth,  855,873;  aaaumption  of  definite 
form  during,  894;  bastfngal,  156; 
basi|tetal,  156;  changes  which  accom- 
pany, 373;  conditions  of,  384;  direc- 
tion of,  392;  eflTects  of  atmospheric 
pressure  upon,  38U;  effects  of  gases 
ui>on,  384 ;  effects  of  light  upon,  887, 
892;  effects  of  temperature  upon,  885 ; 
external  pressure  retards,  ^5;  force 
exerted  during,  895;  great  curve  of, 
389;  instances  of  rapid,  384;  in  what 
it  consists,  373;  measurement  of,  883; 
not  always  associated  with  increase  of 
weight,  373;  observation  of,  374;  of 
the  cell-wall.  218,  882;  of  the  leaf, 
155;  periodical  changes  in  rate  of, 
389;  planes  of  walls  at  point  of,  881; 
relations  of  oxygen  to,  388. 

Guardian  cells,  70;  development  of,  876; 
mechanism  of,  269. 

Gum-resins,  98. 

Gums,  51,  358;  diffusion  of,  222,  «. 

Gymnosperms  (YVMr6»,  naked;  "^wm, 
seed),  426,  437. 

Gjnicecium  (yvni,  a  woman;  sXmt,  a 
bouse),  426. 


Hjcmatoxtlin  (Ci«H,40t+8H,0),  18, 

46,211,380. 

Hairs,  68;  cell-division  in,  880;  com- 
pound, 68;  occurrence  of,  in  air-pas- 
sages, 100;  of  seed-coat.  179;  simple, 
68;  used  in  study  of  protoplasm,  198. 

Hales,  device  of,  for  noting  the  growth  of 
a  leaf,  156;  experiments  of,  upoDtrana- 
piration,  271;  observations  of,  upon 
the  transfer  of  water  through  the 
stem,  258. 

Hartig'scarmin,  16. 

Healing  of  plant-wounds,  150. 

Heart-wood  (Duramen),  141. 

Heat,  absorption  of,  by  soils,  245;  effect 
of,  upon  the  direction  of  growth,  894; 
effect  of,  upon  opening  and  closing  of 
stomata,  270;  effect  of,  upon  transpi- 
ration, 277;  effect  of,  upon  vitality  of 
seeds,  205;  evolution  of,  during  ree- 
piration,  370;  relations  of,  to  germina- 
tion, 464 :  relations  of,  to  proCoplaaiii, 
201.    See  also  Temperature. 

Heat-rays  of  the  spectrum,  80$. 

Heliotropic  curvatures  (vAtoc,  tlie  tani 
rpoirof,  a  turn),  393. 

Heliotropism,  392. 

Hopatics,  absorbing  organs  in,  117* 

Heterogeneous  pith,  124. 
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Riluin(«i7ii>ii.  tlililothlKK).  U. 

II^Iii>el  E  [«tjt  for  litfuiii,  10,  14. 

aW;  aiov«m<-Dt  ii>  twininB  pLuiU  of 

H.,...os.;n»u,  pill.,  m. 

young.  t06. 

llonty  vf  Ili'Wtr.  Kl. 

rntenrtice*.  100. 

Ilol  M>ringi!.oc<-umrdMorpl»b  in. IDS. 

Inloxlint,  43S,  ■. 

il.,y,T.m<,,.„.,„B.m*li^i3. 

tnlins  («(iM.  williin).  ISS. 

1In,.,„-'|.I.ii.i-.W 

IJ„."i.>-.m1-,  239. 

ofgrowtbofihcnU-iiiall  (inOuwUh- 

Hilmiliuliuii,  M7,  UB:  ndprncal,  10S. 

ioj  iu»/Mi4.alikinKiip),iie. 

llylwiU.,  MS)  d»ri»iliv*,  *ae:  produc- 

tion of  artiaet*!,  CI;  *li«n([rhot,  U«; 

rurrvim  of,  in  plaula,  368;  lot*  lor. 

l»ndi!iicy  of,  to  nry,  US. 

12.  «l. 

lovtiied  luear.  3£3. 

of.  Wl:  mod  in  UiB  eiaininilion  nf 

Iwlin*.  ariinii  of  light  on  »li<lk>na  of. 

rbloniphyll  gnnulo,    Ij.   SBO;   u»<l 

U;  aclxm  uf,  upon  tillua,  Uli  otcur- 

miMof.  in  pl»nl,s  960:  «i1ubilily  of, 

El. 

a-.  Milot  fotcolluloH.  H;ua  (ot 

HxdriMlatk!  ntar.  S4). 

fortlarcli,  8. 

turn).  Mi. 

..f.  118. 

look  al),  3W. 

of,  in  «-li  of  pUnt.,  ai7i  iKcumac* 

HxKnwMpio  *«>rr,  814. 

of,  in  iiUnla,  !M. 

lo.),  4M,  3M. 

Uu,«ghi»«i".mc*wit).«. 

Uypoootyl  (Ui,  undori  «rn!i«  •  cup). 

S«  Ciulkl,. 

lis. 

clung*),  a  Icrm  nwd  10  deuKnale  Iba 

Kria  nf  change*  which  the  nudeua 

clo»>pr»i»d).  WS. 

ffKM  (bnugh  in  nlUivUioo. 

Klndk-  energy  (««;■,  [  autvc),  807. 

^,  •ft.t;  ,««-.  1  produce),  UJ,  -. 

Kn..l.  161. 

Kraiw'i  prorm*  (or  ulradioa  of  lb* 

cblu.nph.UI  1<i«n>n>(,  Wl. 

iDioBijksra    (;*•••.   pwulntfi    «un4i. 

KyuiizinK.  lAI.                                                                   \ 

ofl.hoo(}.  W.  ■.,  9T. 

Kianophjll  (•*»«.  dark  bl«;  *Mm.                     1 

icf).  m.                                            j 

■RMoftnm.  lU. 

Indi>iilu>l.  133. 

I>»M  <Cjr«N.),  u«of,  >.>U.t  f«  llg- 

LAntltKUH.  coDtiauily  of  pru«ap(ajni  In    ^^^^H 

nlu.  II,  37. 

rvltii  of  curtcx                                              ^^^^^^1 

Lwtura  Scariola,  Mruciura  of  Imvm  of,      ^^^^1 

vi»ul>r  bundlu  in,  171. 

IflO.                                                                              ■ 

luilial  celU,  igS. 

l^oin.  (I«a*h  a  «ril,).  IM.                                 ^ 

Ujuriw,  ot  ib«  Uem,  lUi  to  tb<  pUnI, 

iM^x,  Vt.                                                                        ■ 

*70. 

I^cI.«IIf,94.                                                                 ■ 

|jlrx.|ubci.    5tr  Ules.<*lt>.                                       1 

ljwr<l-u<nphnf  IC.IIhO),  »).                                      1 

[jiviviug.  Ui.                                                                    1 

L^.  oreumnca  of.  in  plants  2S«.                           J 

1                          drveloprntnt    of.    M;   oecummo.   of 

lMf.tn«.  ISl.H.                                                     M 

1                   Intfrmtdlaw  tmt,  IM. 

1                   lolBHl  ciu"!*.  lUO. 

SSJ;  adq>Ution>  of,  te  ctimalf,  IWl                  ■ 
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alterations  in  the  color  of.  when  ex- 
posed to  bright  lif^ht,  296;  a^h-con- 
Ktitueiitfl  of  autumn  and  spring,  com- 
pared, 281;  autumnal  colors  of,  2J7; 
budnon,  16*2;  chlorophyll  in  evergreen, 
2U8;  development  of,  155;  epidermis 
of,  Itil;  exogenous  structures,  155; 
fall  of,  162;  fibro-vascular  bundles 
in,  156;  glands  of,  161;  growth  of, 
156;  midrib  of,  157;  of  mosses,  164; 
of  submerged  phirnogams,  161;  pa- 
rcnch.vma  of,  158;  quality  of  liglit 
which  penetrates,  liOQ ;  relation  of  age 
of,  to  transpiration,  270;  roots  pro- 
duced from,  162;  sensitiveness  of, 419; 
transpiration  from  opposite  sides  of, 
274. 

Legumin,  36'3;  compared  with  asparagin, 
a65. 

Lenticels  (Unticyla^  a  freckle),  151. 

Leucites.     Srf  I^ucoplastids. 

Leucoplastids  (acvk^,  white;  wklrvu, 
I  form),  41,  ^,  287;  detection  of,  44. 

Danes,  138. 

IJber-fibres.    See  Uartt-flbres. 

Librifonn  fibres,  80,  143. 

lichenin  ((.^«IIi.O«),  358. 

Life  of  the  plant,  fi<rms  of  the,  470. 

Light,  amplitude  of  waves  of,  306;  classi- 
fication of  rays  of,  308;  depth  to 
which  green  tissues  are  penetrated 
by,  300;  cfTei't  of  absence  of,  upon 
plants,  388;  effect  of,  upon  the  move- 
ments of  twining-plants,  407;  effect 
of,  npon  opening  and  closing  of  sto- 
mata,  270;  effect  of,  upon  pn>toplas- 
mic  movements,  206;  effect  of,  upon 
transpiration.  277;  effect  of  too  in- 
tense, upon  plants,  473;  influence  of, 
Qpon  germination,  466;  influence  of, 
upon  respiration,  360:  influence  of, 
npon  the  structure  of  leaves,  160; 
intensity  of,  306;  length  of  waves  of, 

306,  n.;  nature  of,  306;  quality  of 
the,  penetrating  leaves,  300;  relations 
of  growth  to,  :i87,  302;  relations  of  the 
various  kind.<*  of,  to  assimilation,  305, 

307,  300,  310,  312,  316;  use  of,  in 
microscoiKs  work,  2. 

IJghtni ng,  effect  of,  upon  trees,  477. 
Lignification   {lifjnumy    wood;  facio,    I 

make),  34,  36.  62. 
Ligniii,  composition  of,  36;  solubility  of, 

36,  n.,  37 ;   tests   for,  10,  11,  13,'  14, 

37. 
Ijgnin'osc,  37,  ». 
Lignone,  36,  ». 


Lignose,  36,  n, 

Ligules  {ligulaf  a  little  tongue),  arrange- 
ment of  libro-rascular  bundles  in, 
158. 

Lithium  used  in  the  determination  of  the 
rate  of  transfer  of  water  throogfa  the 
plant,  260. 

Ijthocysts  (ai#(k,  a  stone;  ajtmc,  blad- 
der).   Ste  Cr^'stal-cella. 

Living  parts  of  a  plant,  195. 

Locomotion,  397. 

Luminous  rays  of  the  spectnuiif  308. 

Lycopodiacev,  stems  of,  1&4. 

Lysigenic  development  (Awoic,  a  parting  i 
•ynWw,  1  produce),  99,  •. 


Maceration,  7,  12,  14,  77 ^  ».,  80. 

Macrocytis  pyrifera,  size  of,  188. 

Macrospore,  443,  n. 

Magenta,  10. 

Magnesium,  occurren^  of,  in  plant-ash, 
217;  office  of,  in  the  plant,  253. 

Malic  acid  <C«II«Os),  occurrence  of,  in 
plants,  300. 

Maltin,  468. 

Malting,  467. 

Manganese,  occurrence  of,  in  plants,  856. 

Manures,  334. 

Markings,  annular,  30,  85;  discoid,  80, 
82;  of  the  cell-wall,  20;  reticulated, 
30,  85;  scalnriform,  84;  spiral,  30,  84. 

Maskenlack,  24. 

Measurement,  of  the  amount  of  assimi- 
lation, 312;  of  growth,  383;  of  micro- 
scopic objects,  3 ;  of  transpiration,  271 ; 
unit  of,  in  microscope  work,  4. 

Mechanical  elements,  dlstribu:ion  of,  in 
dicotyledons,  103;  distribution  of,  in 
monocotyledons,  191. 

Mechanical  injuries,  effect  of,  upon 
plants,  476. 

Mechanical  irritation,  effect  of,  upon 
protoplasmic  movements.  208;  effect 
of,  upon  transpiration,  278. 

Mechanics  of  tissues,  188. 

Media,  for  examination  of  microecofrfe 
objects,  4 ;  mounting  or  presermtiyey 
20. 

Medullary  rays  (medutta^  the  pith),  61^ 
114,  124. 

Medullar^'  sheath,  the  primary  xylem 
bundles  projecting  Into  the  pith  from 
the  cambium-ring. 

Member,  a  tonn  employed  to  designate 
any  part  of  a  plant  when  it  is  treated 
with  reference  to  potition  and  stnto 
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^^^^     tun  but  nnl  wiOi  re(«r«nM  to  fuoc- 

ture  iif  tli!m<  of,  I3S;  Umiu  of,  l!9; 

r                   lion. 

typ«o(.Uim.o(,  133. 

Mufpbi»  (*^.a»NO,  +  U.O),  837,  set, 

«uieiiil)™in;Y<«.»,  l"b"  liorn),  MT.B. 

470, 

M.ir«riccUluriUe(H«C-|,).  13;  »lulloa 

Ho»».  alwrblns  orguii  In,  llTi  ltd 

9f,  lortnMiudDtof  pmleiu  ifrauulen. 

llic  «>■!  in  retention  of  water,  S89; 

*b. 

,.™.oMM. 

UMUcr  celK  of  poll!'".  171,  378;  of  >to- 

mala,  79.  378. 

Merixeoi  <*.•(»««<.  dlviniblc).  A9,  lOS. 

MoiiiilinB.4iWia,  la 

Mwophvl!    (.<.H,   miUU;   ♦.A*.r.  a 

l»l),  llN  fundamcutal   tiuue  of  tlio 

fully  known,  tU;  due  to  cliangc*  in 

u.r. 

xruc-luro  dnriuB  ripeulnff  ot  fruil^ 

Kntom,  lot. 

4WI-.    brKn-opk,   IMi   of   ciliated 

•iruclum.  m-.  at  Dumida,  3B8;  of 

Ueiali  round  in  pUnli,  S4T,  3W. 

Hiitom.,  398;  of  Iravea,  *lVt  of  proto- 

plasm, m.  m;  o(««d1in({>,  4U3;  ot 

(tiU  which  in  roniiHl],  IliB  naina  girvn 

ihu  I'elrgrapb  plant.  418;  ol  icndrili. 

40D,  417;  of  iwitiimt  pUnti,  US;  of 

mingM  •"!■  p>«u.pIuoi. 

young  part.  ..f  nialur.  pla..)..  MS; 

llMh>l-Si««n,  11),  38U. 

revolviuR.  tUO;  •Icpp,  4Ut ;  aleep,  ot 

«,I)-Ip.1oi».  411;   tlwp,  of  Dcral  «- 

gant,  4li:  eponlaneoiii,  413;  nlillly 

u«th;UiuieE'-iiunimD.-- ». 

of  .l«p.  411. 

Hiolla.  ta,  a»7,  3U3;   allractioao  of. 

aia.  218. 

HiH'llase,  convenOon  at   Ihe  etil-will 

Hicromewr,  a. 

iuio.34;  in  llie  cell-tap,  61  i»lubilily          _^^H 

MUro-millimcur.  i. 

oI  v.^lal.l.',  33.                                           ^^H 

Wmpjlt  b>wpi(,  luialli  n.iq.  orifice), 

4U. 

MJVJtHI?D|H|  1. 

chyniacctKes.                                               "^^ 

Mi<^n»«u.l>  (,»^,  imatl;  «M-.body). 

Muro..  aSQ. 

dll. 

Mutdcr-i  hvpollicf  1*  cooceniing  Ibe  on- 

MlcrotpoK.  il3.  n. 

Multiple  epidemii*.  67. 

Mj«um)«t«,  IBS,  414. 

lUiB.  a. 

Ililk-M».  M, 

NAKtiiu's  UTroTHEnia  conrtmiiig  the 

Mil1«i-a  tMf!«it  (Acid  Nllnic  of  Ua- 

Mnidura  of  i.rifnniaed  Indies,  312. 

Clin).  18,  as,  M. 

NuHoi  ii»ue  (»K>«,  aritiiiK).    Sn 

M>m»B  (Hidka.  IS). 

M<ri*IMn. 

Miiicntlullnn.  M.  30. 

Natural  f-rallf.  I». 

MitT'ir  <>t  mkmi«co(ie.  3. 

Mntar,    461;   piUcclion  of.  from   tho 

MmllflratifHi.  c.r  tli«  «t1-*a]l,  31. 

Uuiuun.  citwi  r,l  ■inouni  <J,  in  ih>  air 

lion  »r.  4»;  tjmriSc  gnritj  at.  4M. 

N«lar<Und.,  1B1.  481. 

toiwTii  upon  rhe  amonnl  of.  in  the 

,\«lar  guide,  or  epot.,  4U.                                              U 

air,  901 :  oflrH  of.  upon  ihe  dirMtion 

Ncclaria.  m.                                                    _^^H 

of  Browih.   tax:    nhalalion    «(.   by 

drwrt  phala.  Slff;  raUliou  at  prolo- 

plwm  lo.  »«:  rcUtlona  of  »ila  lo. 

NepenthH,  3U.                                                   ^^^H 

iXt.    8t,  alw  WalM. 

Holtcnl*.  SIS.  fl. 

Nerve,  ul  Irav™,  IM.                                                        T 

Nickel,  nccurrePH  of,  in  pUoU,  SH.                                  1 

^            4^«|MliiisUll>M«nda<}'«nM- 

Xiggl'i  tee!  fur  llgniu,  IS.                                           J 
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Nigrosin,  19,  380. 

Nitrate**,  ax  a  source  of  plant-food,  835; 
test  for,  320,  n. 

Nitric  acid  (HNOs),  13;  as  a  source  of 
plant-food,  335. 

Nitro^n,  amount  of,  in  plants,  327; 
anioiiiit  of,  in  rain-water,  331 ;  appro- 
priation of,  by  plants,  92o,  330 ;  com- 
parative needs  of  wild  and  cultivated 
plants  for,  334;  coniiwunds  of,  in  the 
atmosphere,  331;  in  coloring-mattera 
of  leaves,  2J2;  in  the  soil,  333;  mode 
of  fonnatitm  of  atmospheric  com- 
pounds of,  332 ;  sources  of,  for  plants, 
327. 

Non-sexual  reproduction,  426,  444. 

Nucellus,  175,  182,  433. 

Nuclear  disc,  370. 

Nuclear  spindle,  376. 

Nuclein,  375,  376,  378. 

Nucleus,  25,  a.,  2S,  199,  220,  374;  be- 
havior of  the,  with  reagents,  375;  dem- 
onstration of  changes  in  the,  in  the 
development  of  pollen-grains,  380; 
structure  of  the,  375. 

Nucleus  ceilulff>,  27,  n.     See  Nucleus. 

Nucleus  of  a  starch-granule.    See  Hilum. 

Nucleus  of  the  ovule.    See  Nucellua. 

Nucleolus,  28,  375. 

Nutation  (nutatio,  a  nodding),  400. 

Nutrition,  355. 

Nyctitropic  movements  (rvf  [gen.  m«rp«], 
night;  rpovoc,  a  turn),  409. 


Oaks,  histological  classification  of, 
143,  n. 

Objectives,  2. 

Odors,  of  flowers,  454;  of  wood,  142. 

Oil  in  seo<ls.  3)1. 

Oil  of  cloves,  3,  23. 

01eicacid(C„HMO,),  360. 

Olein  (C„H,o«(M,  360. 

Olive-oil,  use  of,  in  experiments  on  pro- 
toplasmic movements,  211. 

Oophytes,  reproduction  in,  440,  n, 

Oospliere  (itof,  an  ef^g;  v^alpa^  a  sphere), 
435,  440,  n.,  441,  n. 

Oospore  («i»o»',  an  egg;  ^w<p©«,  seed),  436, 
440,  n. 

OfK'n  bundles,  104. 

Oi>eiiing  and  dosing  of  flowers,  412. 

Orange  "li,"  19. 

Orchids,  trach*  Ids  in  roots  of,  109. 

Or^'aii,  102,  1S6;  rank  of  an,  186,  n. 

Organic  acids,  effect  of,  upon  turges- 
cence,  414. 


Organic  matter,  appropriation  of,  by 
the  plant,  337;  changes  of,  iu  the 
plant,  354. 

Organic  products,  cUsaification  of, 
367. 

Osmic  acid  (peroamic  acid)  (OiO«),  14, 
46. 

Osmometer  (mv^,  impulse;  ^irpm,  ine»* 
sure),  224. 

Osmosis  (mtm^,  impulse),  221,  224. 

Osmotic  equivalent,  225. 

Osmundace»,  stems  of,  154. 

Ovar}'  (oram,  an  egg),  arrangement  of 
fibro-vascular  bundles  in  an  inferior, 
174;  arrangement  of  fibro-vascuUr 
bundles  in  a  superior,  173;  structura 
of  the,  172;  varieties  of  conductive 
plaoentA  in  an,  432. 

Ovules,  changes  iu  the  fertilization  of, 
435;  development  of,  433;  formation 
of,  175;  ripening  of,  178;  structure  of 
the,  in  angiosperms,  432 ;  structure  of 
the,  in  gymnospenns,  438. 

Ozone,  304. 

Oxalates,  test  for,  9,  54. 

Oxalic  acid  (C'^HA).  960. 

Oxidation,  355. 

Oxygen,  an  agent  in  the  disintegration 
of  nicks,  2^57;  amount  of,  absorbed 
during  respiration,  368;  amount  of, 
evolved  in  assimilation,  319;  neceaaary 
for  germination,  464;  necessary  for 
protoplasmic  movements,  210;  of  air 
ample  for  respiration,  368;  relationa 
of  growth  to,  388;  required  hv  root% 
245. 


PALISADK-CET.LS,  61,  159. 

Palmate  venation  in  leavea  (palmatmt^ 
bearing  the  mark  of  a  hand),  157. 

Palmatin  (CmlltfiO*),  360. 

Palmitic  acid  (C,«(I«>Ot),  360. 

Palms,  fibro-vascular  bundles  in,  190, 
131. 

Paper-pulp,  manufacture  of,  145. 

Paracellulose,  35. 

Paraffin,  use  of,  in  section-cutting,  8. 

Parallel  venation  in  leavea,  156. 

Parasites  (wmpaaiTo%,  one  who  Urea  at 
another's  expense),  289,  338;  chloro- 
phyll lacking  in  certain  294;  food  of, 
338;  roots  of,  116;  union  between,  and 
their  hosts,  153,  338. 

Parchment  paper,  32,  n.  oae  of,  in 
making  osmometer,  224. 

Parenchyma  (vapcYx*»t  I  pour  in  beside), 
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57,  €0;  elements  of,  60;  forms  of 
cells  of,  61 ;  in  the  fu^^cicular  system, 
102;  of  the  Howcr,  170;  of  the  fruit, 
176;  of  the  leaf,  158;  of  the  petiole, 
160:  of  the  stem,  119,  124;  sclerotic, 
62;  thill-walled,  62. 
Partheiiogt'iie^is     (»apWFo«,    a    virgin; 

YcVcaiv,  pnMliK-tioii),  446. 
Path  of  water  through  tUc  plant,  259. 
Peaty  soils,  219. 
Pectin  bodies  358. 
Pectose,  34,  n.,  MS. 
Pellicle-niciiihrai:o,  227. 
PerenniaU*,  storing  of  a.ssimilated  matter 

in,  373. 
Perihicm  (vcpt/SAi^fia,  A  covering),  i(W, 

118,  155. 
Pericainbiuin,  113. 
Perii'Iinal  planes  (r«pi,  around ;  mXitm,! 

iiu'linc),  382. 
Peritlenn   (irepc,    around;    Wp/*«,  skin), 

75. 
Periodic  inoveincnts  of  organs,  409. 
Peripheral  tissue  of  nKitlcts,  108. 
Perispenn    (»ept',    around;    vwdpiaa,   the 

seed),  437. 
Peristome,  441,  n. 
Perosmic  acid.     Ste  Osmic  Acitl. 
Petiole  (pttitiluf,  a   little   foot),  pnn»n- 
chyma   of  the,    160;   sensitiveness  of 
the,  419. 
Pfeflfer?  ex|Krimcnts  with  artificial  cell?, 

22*1. 
Phellodenn  (^AA^,  cork;  Sdpfia,,  skin), 

7.%  148,  n. 
Phellogtn  (^AA6f,  cork;  y*yy^,  I  pro- 
duce). 74,  148. 
Phenol.     *SVe  Carl)olic  Acid. 
Plil(»«Mn  (<^Aoi(k.  inner  hark),  104. 
Phloroijlncin  ( ( '.Jlr.Os),   ui«e  of,  as  a  te.st 

for  li;inin.  14.  37. 
Phosphoni!*,  occurrence  of,  in  plant-ash, 

247;  office  of,  in  the  plant,  253. 
Phosphorescence,  370. 
Phototonn«,  42.J. 
Phyc<»cyanine  (♦i'«<K,  rea-weed;  tvarot, 

dark  blue),  205. 
Phycocrythrine    (^vicof,   sea-weed;  ipv- 

ep6^,  Tvi\),  2!»5. 
Phycoph.'iine   (^u«<k,    sea-weed;    ♦awk, 

bri»\vii),  2!»5. 
Phyc<»xanthine  (♦vitov,  sea-weed ;  i^96f, 

yellow),  295. 
Phyll«Kladia     (•itvkXoy.      leaf;      mXiSo^, 

a  yoiinpj  branch).  280. 
PhylNnyanin  (•^wAAoi',  leaf;  icv«vot,dark 
blue),' 290.  1 


Phyllodia  (^i'AAw«i|«,  like  leaves),  280. 
Pbyllophore  (♦wAAor,  leaf ;  ^/mw,  1  bear), 

132. 
Phyllo.xanthin  (^vAAor,  leaf;  («u^^,  yel- 

b»w),  290. 
Physical  pmperties  of  poils,  239. 
PiJric  acid  (UUs[NO,],OH),  18. 
Piliterous    layer    (pilus^   hair;  /erOf   I 

bear),  108. 
Pinguicula,  345. 
Pinnate  venatitm  in  leaves  (pinnatus^ 

feathered),  167. 
PiftiU,   changes  of,  in   ripening,    176; 
fibr(»-vas(*ular  bundles  in,  173;  ^en^i- 
tiveness  of,  424;  structure  of  aiigio- 
s|»ermons,  427. 
Pith,  124;  solubility  of,  34,  ». 
Planes  of  the  cell-waill  at  the  point  of 

growth,  381. 
Plasmolysis    (trAavMo,    what    has  been 

formed :  Av<riv,  a  IcMising),  390,  n. 
Plasinolytic  agents,  27,  «.,  890;  effect  of, 

u|M)n  protoplasm,  210. 
Plastids  (»Att<r«rw,  I  form),  40,  287. 
Pleon  (irAcoF,  full),  212. 
Plen)m  (vAifpMfia,  that  which  fills),  106^ 

118. 
Poisons,  effects  of,  upon  plants,  478. 
Polarizing  apitaratu?,  4. 
Pollen  (polltn^  fine  flour),  amount  of, 
pr<Mluee«l  by  flowers,  432;  bursting  oif 
grains  of,  in  water,  429;  contents  of 
grains  of,  428;  development  of.  171, 
379;    effect    of    sugar    solutions    on 
grains  of,  429;  of  angiosperms,  427; 
of  gymnosperms,   437;   structure  of, 
428;  vitality  of,  431. 
P(dlen-tube,  emission  ef  the,  430;  time 

retpiired  for  descent  of  the,  431. 
IMlinia,  427. 
Poll  in ic  chamber,  438. 
Polyembryony  ('okv%,  many;   ifippvor, 

embryo),  446. 
P<inceau,  19. 

Pi»f)Iar.  glands  on  leaf  of  the,  161. 
Potash  (KOll),  diffusion  of,  222;  use  of, 
ay  a  nragent,  6 ;  use  of,  in  examina- 
tion of  chloroplastids,  42;   use  of,  in 
section -cutting,  3,  n. 
Potassic  acetate  (KC:,H»0,),  use  of ,  as  a 

mounting  medium.  21. 
Potassic  bichromate  (K/VjOt),  14. 
Potassic  chlorate  (KCIO-).  14.  ^ 
Potassic  fernjcyani'Je  {K,Fe[CK]«),  use 
of,     in     making    precipitation-mem- 
branes, 225. 
Potassic  nitrate  (KXO»),  15,  390,  n. 
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Pota.«sium,  occurrence  of,  in  planU,  247; 
oflice  of,  in  the  plant,  252. 

Potential  tMierj^y,  ^{07. 

Ihrvcipitntion-nienibranc,  225. 

Preparation  of  fipecinienx,  21. 

Preservation  of  wikmI,  142. 

Pressure,  efFect  of  atinoitphoric,  upon 
germination,  *10i),  4<)4;  eftwt  of  atmos- 
pheric, u|)on  jjrowih,  .'J8U;  eflft'ct  of, 
upon  movement!*  <if  protoplasm,  2U8; 
growth  retanled  hy  external,  3U5;  of 
Mp  in  the  ittem,  2t>4. 

Prickle*,  01). 

Primarv  cortex,  119. 

Primarv  membrane,  36. 

Primary  structure,  105;  of  the  root,  106; 
of  the  ^tem,  ll'J. 

Primine  (primus,  first),  178. 

Primonlial  tinj^ues*,  58. 

primordial  utricle,  27,  n.,  220. 

Procambium,  104. 

prosenchyma  (vp<k,  near;  cyx^'Ma,  an  in- 
fusion), characteristics  of,  58,  76;  in 
the  faxcirular  svstem,  102. 

ProteicU,  28,  326,  n. ;  formation  of,  in  tho 
plant,  305. 

Protein  basij*,  46. 

Pn)tcin  granule;*,  44;  classiflcation  of, 
in  soed)*,  182. 

Prothalli,  442,  n. 

Protogenic  developmei.t  (irpoiTCK,   first; 

ytyvata,  \  prmluce),  99,  «. 

Protophyte?*,  439,  n. 

I*n>topIa.<<m  (irp^rof,  first;  n-A^o-Ma,  what 
has  Ix'cn  formed),  ani<rboid  movement 
of,  201;  ap|>earancc  of,  26;  chemical 
projM'rties  of,  197;  circulation  of,  199, 
39H;coniiK>'.iti(in  of.  28.  197  ;  continuity 
«»f,  iiUTlir*.  214:  dJMTiniination  Ix'tween 
living  and  (U-ad,  10,  470,  n.;  effect  of 
mechanical  irritation  ufM>n,  208;  ex- 
amination of,  196,  198,  2&2;  film  of, 
envelops  many  crystaU,  54;  hi.ntorical 
note  regarding,  219;  in  young  cidls, 
198;  movements  of  naked,  200,  201, 
897  ;  movements  of,  dependent  on  the 
absorption  of  moisture,  212,  ».;  nitro- 
gen in,  32');  fmssage  of,  through  imper- 
forate cell-walls,  217;  physical  proper- 
ties of,  197;  rate  of  movements  of, 
200;  reaction  of,  198;  relations  of,  to 
nna'sthetics,  211 ;  relations  of,  to  elec- 
tricity, 207;  relations  of,  to  gravita- 
tion, 209;  relations  of.  to  light,  206; 
-relation* of,  to  moisture,  209;  relations 
of,  to  plasmolytic  agents,  210;  rela- 
tione of,   to  temperature,   201;  rela- 


tions of,  to  varions  gasM,  210;  rela- 
tions of  the  cfll-wall  to,  218;  rotation 
of,  2iH);  structure  of,  211;  tests  for, 
28;  vitality  of,  iu  seeds  and  spores, 
205;  water  contained  in^  198,  257. 

Pulsation  of  vacuoles,  397. 

Pulvini  (puhinutf  a  cushion),  160,  404, 
410;  continuity  of  protopia?»m  in  the 
cells  of,  215;  in  the  Sensitive  plant, 
420 ;  in  the  Telegraph  plant,  414. 

Putrefaction,  results  of,  333. 

Pyn'uuids  (wp^K,  a  keruel;  diot,  form), 
287,  n. 


QuEi:ciTKiN  (CmHspOt),  363. 

Quiuia  (C9oHmNs<>s  +  U,0),  327,  865. 


Radial  bundle.  104. 

Kadiai  planes,  382. 

Kadicle,  118;  moveiuents  of  the,  403; 
structure  of,  106. 

Hain-fall,  effect  of  forests  upon  the, 
282. 

Rain-water,  gases  in,  300,  ft.;  uitrogen 
ami|K>unds  in,  331. 

Ranviur's  picrocarmin,  17. 

liaphides  (^wi^it  [g<n.  pa^*o«],  a  needle), 
52. 

Razor,  use  of  the,  in  section-cutting,  8. 

Iteagents,  4;  employment  of,  6. 

Re.eptacles  for  secretions,  P7,  110. 

Recording  auxanometer,  383. 

Red  anilin,  19. 

Rejuvenescence  (re,  again;  yifrttieMo.  I 
become  young),  the  formation  of  • 
single  new  cell  from  the  protoplasm 
of  a  cell  already  in  existence. 

Repair  of  waste.  355. 

Reproduction,  425;  by  budding,  444; 
contrast  between  methods  of,  as  re^ 
gards  results  443;  in  cr>'ptoganu, 
439,  If.;  metho<ls  of,  426. 

Reserve  pn)tein  matters,  44. 

Resin-cells,  97. 

Resins,  98,  ^63;  detection  of,  12. 

Respiration,  365,  VtQ,  367 ;  accompanied 
by  evoluti*  n  of  heat,  370;  contrasted 
with  assimilation,  356;  early  history 
of,  367;  influence  of  light  and  temper- 
ature upon,  369;  intramolecular,  370. 

Resting  state,  3n9,  389,  459. 

Resurrection  plant,  399. 

Retention  of  moisture  by  soils,  239. 

Reticulated  markings,  30,  85. 

Reticulated  venation  in  leave*,  IM. 
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BevolTinKKntitinn.  400. 

s<;aK  se. 

Scbixoeaiiic     danlnpnirnt     (<r|[f»>      I 

pi«iu«),  na. «. 

ciMvv;  y.H«-,  1  pr,MluM),9B.  ». 

libiiura>  (f-<>,  «  rooi  1  •»«,  like).  117, 

Schlcim,  3)», 

S3U. 

Bhiixmu  (^fW».  ihat  whkb  hu  taken 

Srbultt-i  reagMit.  n.  sa.  7«.  n,  ■. 

Scbwi'lMr'a  nmgml,  13,  It,  li. 

Scion.  102.  iU. 

SP5. 

Rlpmlns  of  frviU  mkI  «».b,  «0. 

BM(-i.p,  106,  107. 

na. 

Itooi-biin.    IDS:   cormlvi    Ktinn   of. 

Sc«on<1ary  llbcr,  113. 

aU:  UiitMilon  of,  til;  lorrMH  iha 

S«i.iiaBr.v  ilruftiin.  lOB;  of  roota,  llii 

■bH>rbinR>urf*»<iraniii[.aai;i>»lh- 

ol  >t«u>.  m. 

od  of  cbUlnlDit  tor  MnJy,  106:  num- 

8«on.lary-Bil,  US. 

ber  of,  no  miltnat  plan!*,  «l ;  olBc« 

for,  VJ,  110;  MiGnatir,  4XT. 

»*ti>  <.t.  m.  10*. 

8«(ion-«nttlns.  S- 

Sfcundiiw  (M<a»i/M,  uvondt,  ITS. 

..f  L..i,.Hl,inB..(,aWi  wntral  erlmdor 

bl.  nil:  oulonof,  llS;con*xar,  110; 

181:  *ri»l>dail>rilyof.UO:chan|N« 

1 

tn.1.11.  IM;  .l>plh  10  wl.i<li  branching 

L 

Of.  ovtur*.  aMi  cxicKl  or.  »S.  «3S>: 

ilou  of,  lOU.   tSU:  l.«l  in.   IBl.  UT. 

1 

1 

183;  Kruwib  uf.  lOT:  influanc*  of  lb* 

o/oil.v  anil  -larrhy.  cmnpv*!.  S«Sj  ini- 

r 

Mil  upon,  9U:  of  nTpl<wi«<*>  ll« >  <>' 

lualura.  400:  IncnaMot.lndu,  upon 

on'likl\  lOB:  cKrpn  iu*d«l  br.  lU; 

parwillc.  lie:  pl'llferoiu  la}-cr»t.  ing; 

moni*  of,  ITS;  minulc  druclun  of, 

ITS:  pnilcin  ^iiulu  ij).  181;  rlpeiWM 

HniPti.™  iJ,  US;  typt.  i>(  bmwhing 

•t,  460i  vltatilT  nf,  OIB.  481. 

of.  Ill,*, 

SelriUmn.  DMumiiMol,  In  plant*.  S6«. 

IbridKU.  IMS. 

Ito»<rfJ(ricbo.  100. 

ii|»n.  m;  o(l«f-blad«>.  4IB;of  prti- 

HoH-lte  arBl.     «.«  Comllln. 

<.!•»,  410:   of  root).  4iai  of  *lam(n*,                          , 

Mutation  o(  pn»»plii«m.  200. 

4III;  of  >l«n»  »n<l  Uranehi-,  417;  of             ,^^ 

m                            ^^m 

Stn^lllre  plant.  420,  42).                                     ^^^H 

KumIb  martinR.  UT. 

S*i>Nli«<  ti».i<t*,  41&.                                           ^^^1 

Ru«»-->  pMatb-alcoboI.  T. 

8b>ll-U«.  94.                                                                ^H 
SixTMvIt*,  «1, 103,  1 13;  MQtinl*  nf.  04; 

devtlnpmMit  of,   laa;  of  cry i^ ogam i. 

S-imAXis  (C„H.X.).  IB.  MO. 

Snliiin  (l^lIiA).  WW- 

Slevt^iUiM.,  01.  01 

Sl.vr.p«n-,el.Ba. 
Sirrt^ubia.     ««Swra-»1la. 

8>i>.l7  »>1.  938. 

Silica  (SiOO.  dcpixio  of,  in  pUnH,  )•. 

Sap.  ■m.itx.l  •■(,  tn  plain*.  3«3;  flovof, 

SlliciMm.  <M»  of.  i«  the  plant.  Hi. 

»&. 

parenchyma  In  lb>  l«f  ..1,  IW. 

Sapmplmr.   («-i*,   pnlridi    *.•*•.  ■ 

Silt*r.  DFcomnceof.  in  pUnt*,  tee. 

rb«.l).2SI.««.W. 

Simple  hair>.  as. 

S.p-««-l    1*1. 

KaKidF.  »). 

Simpte  pJrtH..  17*. 

.t|r>p-iuovanionla.   40U  i   of  roKMon\ 

Sealarironn  markine*  (•("'"rvi,  a  tad- 

411;  of  flonl  otB-n.,  418;  ullliry  of. 

4ar;/«r.».  («..).».«. 
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Slides  (slipf«),  2. 

Bodic  chloride  (NaCI),  15;  difEusion  of, 

222,  223. 
Bodic  hydrate  (NuOH),   uwe  of,   as  a 
renpceiit,  7;  use  of,  in  the  manufacture 
of  pafH»r-pulp,  147. 
8«»dio  hyiNKrhlorite  (NaCIO),  11. 
Sodium,  can  partly  replace  potassium  in 
plants,  205;  occurrence  of,  in  plants, 
247. 
Soft  bant,  the  unlip^nified  celU  of  the 
libcr  portion  of  a  filiro- vascular  bundle. 
SoiN,  absorption  of  heat  by,  245;  ab- 
sorption and  retention  of  moisture  by, 
2VJj  282:  chemical  absorption  by,  24^i; 
classification  of,  218;  condensation  of 
gases  by,  244;  effect  of  transpiration 
upon,  283;  evaporation  from,  241, 282; 
filtration  through,  242;  formation  of, 
237;  influence  of,  upon  roots,  234;  in- 
fluence of.  upon   transpiration,   276; 
mechanical  inf^redients  of,  239;  nitro- 
p^n  available  to  plants  in,  3^(3 ;  physi- 
cal properties  of,  23U;  root-absorption 
of  saline  matters  fro.n,  244;  tempera- 
ture of,   245;    trans)X)rtation  of,   by 
water,  238. 

Solanum  Pseudocapsicum,  coloring- 
matters  in  berries  of,  177. 

Solid  vellow,  VJ. 

Sources  ot'nitro^Mi  for  the  plant,  327. 

Specilic  {gravity  of  wiknI,  144. 

S|)ectrum,  classification  of  the  rays  of 
the,  308:  effect  of  the  rays  of  the,  upon 
protoplasmic  movement,  2()t);  effect  of 
the  rays  (»f  the,  upon  transpiration, 
278;  of  chlorophyll,  2!J2,  313, 

Spermoderm  {awifttia,  seed ;  j«pfia,  skin), 
178. 

Splneraphides  {v^aipa,  sphere;  pa^tf, 
needle),  53. 

Sphere  crystals,  53. 

Spines,  Gi>. 

Spiral  marking,  30,  84. 

Spon^nole  {sponyiola^  a  little  sponge), 
2:J0. 

Spongy  c(»rtex,  120. 

S|)ongy  parenchyma,  01. 

Sports.  444. 

Spring;  wood.  138^  306;  transfer  of  water 
thro.igh.  2.>8. 

Staining  agents,  15;  effect  of,  upon  pro- 
toplasm, 210. 

Stamens  {ftnmen,  .i  thread),  development 
of,  171;  sensitiveness  of,  42J. 

Starch,  amount  of,  in  plants.  357;  ap- 
pearance   of,    when    examined   with 


polarized  light,  50;  oonyersion  of.  into 
sugar,  357,  467;  composition  of,  60; 
first  visible  product  of  assimilation, 
321;  in  latex,  90;  in  seeds,  182;  pres- 
ence of,  in  chloroplastids,  42;  produc- 
tion of,  in  a  idant  dependent  on  pofaa- 
sium,  252;  solubility  of,  49;  structure 
of,  47 ;  tests  for,  8,  50. 
Starch  cellulose,  50. 
Starch  generators.     See  Leucoplfstids. 
Steam,  action  of,  on  chlorophyll  grao- 

ules,  290,  475,  ft. 
Stearic  acid  (C^HmO,),  360. 
Stearin  (0nH„«O,),  360. 
Stellate  hairs  (ftella,  a  star),  69. 
Stellate  scales,  69. 

Stems,  118;  bleeding  of,  264;  course  of 
tibro-vascular  bundles  in,  125;  cortex 
of,  110;  development  of,  124;  dicoty- 
ledonous (exogenous),  12:1, 186;epitler- 
mis  of.  119;  fibro-vascular  bundles  of, 
120;  injuries  of,  149;  roonocotj'le- 
donnus  (endogenous),  129,  133,  135; 
of  m(»sses,  154;  of  vascular  crypto- 
gams, 154;  pith  of,  124;  pressure  of 
sap  in,  264;  primary  structure  of,  119; 
secondary  structure  of,  135;  sensitive- 
ness of,  417;  transfer  of  water  through, 
258:  wilting  of  cut.  263. 

StenMim  (<mp96i,  Ann),  191. 

Stigma  (mYMAi  *  mark  made  by  a 
p<iinted  instrument),  427 ;  character  of 
the  cells  of  the.  172;  extent  of  surface 
of  the.  427,  430. 

Stigmatic  secretion,  427. 

Stock,  152. 

Stomata  {rr6iia,  the  mouth),  70,  268;  de- 
velopment of,  72,  376;  guardian  cells 
of,  70,  269;  mechanism  of,  269 ;  occur- 
rence of.  70,  n.,  71,  a.,  72;  passage  of 
gases  through,  803;  relations  of,  to 
exter  al  influences,  270;  size  of,  71. 

Stratification,  30. 

Striation,  30. 

Stroma  (or/MMa,  a  bed),  198. 

Strontium,  occurrence  of,  in  plants,  256. 

Stnictiiral  characters  of  wood,  146,  a. 

Strychnia  (C«H«N,0,).  365. 

Style  (ftilut,  a  style),  427;  character  of 
the  cells  of  the,  172;  conductive  tisane 
of,  431 :  sensitiveness  of,  424. 

Snl>«rification  («{i5er,  cork;  Jacio^  I 
make),  34,  38. 

Siiberin,  38;  tests  for,  7,  14,  89. 

Submerged  pha^nogams,  leaves  of,  161. 

Substitute  fibres,  80. 

Sugar,  diffusion  of,  222;  effect  of  a  solu 
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n  pollen-gnln*,  <2P:  in  [ha 


Bul|>liurk  >ci<l  (HiSOi).  ttbct  of,  upon 
eelluloM,  le,  111  eOeut  of,  upon  cutl- 
niud  iiieinliranH,  Stl|  UM  of,  uaul- 
Tint  for  nlliia.  Vi. 

8ul|iburt>ui  Hid  (8Ui).  »fl«li  of,  upou 

Superior  uvariuii,  arTaiiKemiuit  of  Ihe 
Sbru-i-rucuUr  buncllu  iu,  173. 

Suipnuiir,  430. 

Sj-nirgidig  (trt-n*,.  working  rogollier). 
tab. 

Spilignil  (Mmtiia,  tlim  which  !■  pul 

(())KllHn-  in  nnlvr),  3 It,  n. 
Sj'nilinia  ol  «lbuiainou*  uulLun  iii  Iha 

plant,  S4&. 


T-iniMiEKii,  St,  n. 

Tagma  (myh*.  •  compaDy),  IIS,  a. 

Tiiinite  oTi^bilu  iiiml  la  ihe  (onnallnn 
of  Tnubc-i  nil,  3M. 

Tanoin  (CuIIhO,).  dtffu>lon  of.  2^;  in 
pulTinu*  »l  Miuii»a.  301,  49Di  nccui^ 
nim  nf,  in  planl«,  Mli  IMi  for,  13, 
14. 

Tai>rtnm  (InpiU,  a  rarpcf),  ITl,  a. 

Tartaric  kM  (UU^).  WO- 

TmhI.     8ti  |)l)Hacui>. 

Tflinnen  lltfiiRtn,  a  coming),  ITS. 

Trlnsrsph  |d*nt,  111. 

Tampmtnr*.  sOni  nt,  upnn  abwrpiioD 
byioil»,filO!  cflrrta  iif  too  bigb.  Upon 
plants.  4T0;  altvation  of,  durinK  intra- 
Ruilaculat  napirmtion,  (Til;  intluence 
of,  npnn  abwrpt  nn  by  nll)t^  S4A ;  Influ- 
anc*  of,  Dpnn  aaimiiatlon,  SM,  SIS; 
JnflucnFf  nf,  upnn  nvpiralkiD,  SCO;  In- 
fli»n«  n(,  upon  iraotpintion,  8TT  i  of 
air  intiilR  a  ipathe,  STO;  of  pulvinut 
of  HiDioaa,  431 ;    produtinK  riicidit.T 


niitlvfl  pUnt, 


prowtli  tn,  38S :  r*lalio»  of  prMoplann 
to,tnli  r*lall'>ti»afMiUlo,34Ai  rtk- 
lioni  ot.  to  gimiinallnn,  164. 

TrndriU  cirrumnutalion  ..f,  US.  4tT. 

Ttntlona  of  the  ccil-atBll  and  tlianca, 
390. 

Tarptn*  (ChH,.},  ttS. 


Id  plant*.  396. 


Tcniarv  fiirtnatlrmt  In  (he  root,  IU. 

T«U(»«a.aBli<lll,  ITS. 

Totrad  (xr^i,  funr),  ITl. 

Tlialliuin,  occurmii-e  of,  i 

Thall.ipli.i-lB>,  1S4,  440. 

Tliarundl  nonnaLcullun  anlulion,  390, 

Thentiutropiu  cnrvaturo,  S1I4. 

TiicnnolrDpiiui  t«<iv^.  heal;  r^nc,  k 
turn).  394. 

TlilarKh'a  bnnx-canDln,  IT. 

Thicrii-li's  oulic-acid  tarniln,  IT. 

Tiin«  ot  opooing  and  clofhigof  llowui, 
413. 

Tin,  Dccumnca  d(.  in  planln,  3t6. 

Tiuitca,  103;  cluwficMiaa  of,  1ST;  foit- 
dueling  pDWar  of  ligntout,  961;  vribri- 
form,  HI ;  dipili  lo  wliivh  ligbi  pant- 
Iratn,  MV;  lunlciiia)^  of,  B,  11;  nU 
lion*  of  walvr  lo,  UT;  Miitilive,  416] 
IciKlnn  or,  t»0, 

Ulaniuoi  occurrence  nf,  in  plaiila,  9H, 

Ttalwi'ular  duels  (Imircdfa,  B  lillla 
Iwaml,  SO. 

Tracbcn  (r^j^.u,  iou|[b},  S3,  84.  Bt* 
*[«  Vcwli. 

Trw-'liml  rvili,  SI. 

TnchMl    ponioa   of    i 

TrachFldi,  83;  In  rooti  nf  orchid^  IM; 
in  >l«ni>,  121 1  >iu  ol,  141;  walli  ot, 
it. 

Transfir  ot  water  IbrouKh  ll»  plant.  1ST ; 
conipatitd  with  ihal  thruugh  pnfBua 
inurganir  *ub>tanixa,  363,  a  ;  rffrct  of 
fipnflniE  Kcul  turfan  tolbaairnpoa, 
3B3;  cHtcl  of  motion  upnn,  383;  pith 
of,  S&O;  raleof,  3SB.  Ml. 

Tnuislanned  branirlMi,  U8. 

Tranntnmwd  cell*.  66. 

Ttannuulation.  3M,  au. 

TranFTdrallon,  368;  imonut  of  valar 
given  oH  la,  STl.  3Tb.  381;  appanin 
far  rcgitlcrintc  ST);  checki  Upoii.SSO; 
compared  with  aiviKirallan  pn>|>rr, 
STG;  rffrct  ot  rarioui  lalla  upon, 
1T9:  elTecl  ol  heat  upon,  3TT;  adect 
of  tl)(ht  upon,  9TTi  atlrd  of  mrchu;!- 
ealfhoi'k  upon.STSi  elTect  of  maUlun 
In  the  air  upon,  ?TSi  idfert  ot  nalarc 
nf  Iba  noil  upnn,  3T8;  cSocta  of,  upon 
■he  air.  Mt  i  eflwte  nf,  upon  Ihe  plant, 
!H1;  *Sect>  of,  upon  the  anil.  381; 
ea|irrimN>t>  upon,  973;  ttuthoda  at 
meaiuring;.  IT3i  rrlalinn  of  a^-e  of 
IrarM  In.  ITD;  n-lall.ni  nr,  lo  ab^irp- 
lion,  STU;  nialire  anwuota  of,  from 
oppeaila  Mu  «t « leaf,  >Ti> 
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Transveme  planes,  382. 

Tree^  age  of,  139. 

Tricbublast  (9p<(  [gen.  Tpcx^]»  hair; 
^ooTof,  shoot),  a  name  proposed  by 
Sachs  for  such  idioblasU  as  are  es- 
pecially distinguished  by  size  and 
branching. 

Trichogyne,  440,  n. 

Trich(Mues  (ep.$,  hair),  66,  68,  2C0. 

Triiiitrophenic  acid.     See  Picric  Acid. 

Triolein.     See  Olein. 

Tripalniatin.    See  Palmatin. 

Tri«toarin.     See  Stearin. 

IVoinnier's  test  for  dextrin,  51. 

Tn>|)h(>pla»t  (rpo^,  a  feeder;  wkimt,  I 
form),  287. 

Ttillen.     See  Tyloses. 

Turgescence,  effect  of  organic  acids  uponi 
414. 

Turpentine  (C,oHui),  use  of,  in  prepara- 
tion of  specimens  for  mounting,  23. 
Twining  plants,  405. 
Tyloses  (tvAo«,  a  protul>erance),  87. 
Topical  cells.    See  Fundamental  Cells. 

UXOROANIZED  FEKMENTa,  365. 

Utricularia,  346. 

Vacuolks,   26,  177,  200,  212,  ».,  280, 

376,  397. 
Variegated  plants,  477. 
Varictic?*,  447. 
Variety-liybrids,  465. 
Vascular  system.     See   Fibro-vascular 

Svstem. 

Vase u lose,  35,  n, 

Va>»ifonn  elements  (wis,  vessel;  forma, 
form).  81. 

Vasiform  wood-celN.    See  Trachclds. 

Vegetable  aciiU,  360. 

Vegetable    mucus,    occurrence    of,    in 

plantH,  368;  test  for,  15. 
Vegetable  fmrcbment,  32,  «. 
Venatiuii  of  leave*,  150. 

VesMjue's  method  of  producing  crystals, 
65. 

Vessels,  55,  77,  82,  84;  classified,  60; 
size  of,  86. 

Viola  tricolor,  coloring-matters  in  flowers 

of,  170. 
Vitality  of  seeds,  205,  461. 
Vitellin,  364. 

Waijdia.v  rA.«»Ka,  474. 

Water,   absorbed  previous  to  metasta- 


sis, 267 ;  absorption  of  gases  by,  900, 
n. ;  action  of  steam  upon  chlorophyll, 
290,  476,  n. ;  an  agent  in  the  formatioa 
of  soils,  237 ;  amount  of,  contained  in 
pUnts,  236 ;  amount  of,  given  oflf  in 
transpiration,  271 ;  amount  of,  required 
for  germination,  462;  direction  in 
which  tissues  most  readily  conduct, 
262,  ». ;  effect  of  absorption  of,  upon 
seeds,  463  ;  effect  of,  upon  protoplas- 
mic movement^  209;  effect  of,  upon 
o^iening  aud  closii  g  of  stomaU,  270; 
equilibrium  of,  in  the  plant,  268;  ex- 
udation of,  from  uninjured  parts  of 
plants,  267 ,  method  of  determining 
amount  of,  in  dry  wood,  261 ;  rate  of 
ascent  of,  in  stems,  261,  263;  relations 
of,  to  tissues,  257 ;  relative  amount  of 
space  occupied  by,  in  fresh  wood,  261; 
transferor,  in  plants,  257,  269;  trans- 
port of  «oils  by,  2>i8;  use  of,  as  a 
medium,  6;  use  of,  as  a  mounting- 
medium,  21.     See  also  Moisture. 

Water-culture,  248;  directions  for,  249; 
first  application  of  method  of,  249;  so- 
lutions for,  250. 

Water-plants,  size  of,  188;  structure  of 
land-plants  compared  with  thmt  of, 
257. 

Water-pores,  73. 

Water  tissue,  62,  280. 

Waxy  coatings  upon  the  epidermis,  66. 

White  chlorophyll,  322. 

White  lead  as  a  vaniish,  24. 

Wiesner's  tests  for  lignin,  10,  14,  37. 

Wild  plants,  supply  of  nitrogen  to,  884. 

Wilting  of  leaves,  471. 

Winterkilling.  472. 

Withering  of  stems,  how  prevented,  263. 

Wood,  autumn,  138,  396;  color  of,  141; 
density  of,  144;  identification  of,  by 
histological  features,  146,  n.;  odor  of, 
142;  preser^'ation  of,  142;  spring,  138, 
396 ;  structural  characters  of,  146,  ». 

Wood-cells,  57,  78,  82;  size  of,  86,  n., 
143.    See  also  Trachelds. 

Wood  elements,  inclination  of,  to  the 
axes  of  trees,  143. 

Wood-fibre  used  for  paper-pulp,  146. 

Wood-parenchyma,  77. 

Woodward's  carmin,  17. 

Woody  fibres,  67,  80,  See  also  Wood- 
cells. 

Woody  rings,  114,  137;  demarcation 
between,  139  ;  size  of,  140 ;  two, 
formed  in  a  single  year,  139. 

Work  of  the  plant,  185. 
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Works  of  reference  relating  to  in^ectir- 
orous  plants,  351;  relating  to  micro- 
scope manipulation  and  micro-chem- 
h\r\\  24;  relating  to  the  cell  and  ita 
moditicatiunK,  55;  relating  to  the  his- 
tology of  the  organs  of  vegetation^  165. 

Wounds  of  plaiitii,  healing  of,  150. 


Xantiiic  flower  coLOBt  (^Mf,  yel- 
low), 454. 


Xanthophyll    ({arMf,    yellow;    ^vAAor, 

leaO,  290,  291,  297. 
Xerophilous  plants  (feptff,  dry;  ^tAA*, 

I  love),  280,  n. 
Xylem  (^wAor,  wood),  104. 


ZiKO,  occurrence  of,  in  plants,  255;  re- 
lated to  changes  of  fomi  in  the  plant, 
256. 

Zygophytes,  reproduction  in,  489,  n. 


PRACTICAL  EXERCISES. 


SUGGESTIONS   FOR  STUDIES    IN   HISTOLOGY 
AND  PHYSIOLOGY   OF  PHJCNOGAMS. 


Thk  riillowiiig  liiuls  are  (U'sigiicri  chiefly  U>  uid  students  who 
liavf  at  tlieir  coiiiinand  llic  oiinplei'  ap^liuni-ra  di-BcillM^il  in  tlie 
furt^oiiig  piigus.  Jn  mlilitioii  U>  llie  siiiipU-r  L-xercises  lliuiv  arc 
also  Buj^ested  a  few  wliit-b  arp  rjiiite  wiUiiii  llirirawi-r  or  students 
Iiiiving  aL>cess  to  u  smull  elii'mical  laboratory  and  a  small  cabinet 
of  iiliyflii-.Bl  apparatus.  Tliu  cliemieal  and  pbysieal  uiiLlllii  now 
found  ill  many  of  our  liigli  Bt-booU  will  piwu  ample  for  the 
Buueesaful  prosuoulioii  of  tliese  expcrimciits. 

niSTOLOCJlCAL    PRACTICE. 

Material  tor  HtKdj.  Tho  supply  of  nmterial  for  histology 
should  bu  abundant  and  ufttie  best  (tualUy,  oU  inferior  or  iuii>er- 
fecl  apet^imciis  being  eareflilly  cxi-liidcd.  It  (exeept  that  dia- 
tiiietly  referred  to  •M/i'ush)  sbould  be  eolleelMl  at  pmiKT  ecasona 
and  prcser%'ed  at  ohl-c  in  strong  aleoliol,  gr^^l  care  being  exer- 
eiaed  to  have  every  specimen  accurately  laMled  :  name,  locality, 
timu  of  gntliering.  etc..  being  note<l.  When  alcoholic  material 
13  requii'iil  for  iinnuvlint*.'  use  in  the  preparation  of  sections,  it 
can  be  suriened,  if  necessar-t',  bj'  soaking  in  pure  water,  as 
directed  in  37, 


DelioeaUoa.  When  a  eatisfactori-  section  or  preparation  has 
Iiecn  secured,  the  student  should  make  an  accurate  drawing  of 
iU  essential  features.  The  employment  of  a  canifi-a  lucidn  (12) 
insures  (.•orrecl  proportions  in  all  parts  of  tJie  skeU-b,  and  is 
always  to  Iw  recouuicndcd.  DrawingH  miidc  by  its  uid  are  ton- 
venienllj-  designatwl  by  the  following  abbreviated  term,  <kI  nat. 
ilei.  It  may  seem  scortvly  nrwssnry  lo  caution  stiKlenU  against 
ol«ciiTing  any  tmrl  of  Uicir  histological  sketehcs  by  meaningless 
shading;  a  few  clean  and  cli-iir  outlines  snfllce  to  expn-ss  (lie 
diaracler  of  the  preparation  Utter  than  any  atlerapl  tii  give  the 
vtlcLts  of  Ughl  and  shade.     Theiv  are  some  exceptions  to  this 
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broad  statement ;  for  instance,  preparations  of  nascent  flowers 
are  shown  equall}*  well  b}*  shaded  figures,  and  the  same  is  time 
of  niany  pollen-grains,  etc.  The  use  of  slips  of  drawing-paper 
of  uniform  size  and  the  arrangement  of  these  under  appropriate 
heads  will  render  the  keeping  of  a  systematic  record  of  work 
much  easier. 

Permanent  preparations.  In  most  eases  the  sections  or  other 
preparations  shuuhl  be  permanently  mounted  in  some  suitable 
preservative  medium,  and  properly  labelled  with  the  name  of  the 
plant  and  of  the  si>ecial  part  exhibited,  date  of  preparation, 
meilium  in  which  it  is  mounted,  etc.  The  drawings  should  be 
numbered  or  labelled  to  correspond  with  the  permanent  prepa^ 
rations. 

Hlstolo^cal  elements,  their  modifications    and    combinatioim* 

In  the  following  enumeration  of  the  more  imiK>rtant  elements 
the  sequence  is  (1)  form,  (2)  contents,  (3)  distribution,  (4) 
development. 

FOIJMS  OF  THE  STRCCTURAL  ELEMtlNTS  AND  SIMPLE 

TISSUES. 

1.   Pakencuvma  Proper  and  its  Chief  Modifications. 

(a)  Soak  a  few  peas  or  beans  in  water  until  they  become  soft 
enough  to  be  cut  without  difficulty,  remove  the  seed-coats,  and 
make  with  a  wet  razor  (see  8)  three  very  thin  sections  through 
the  cotyledons.  These  sections  for  comparison  should  be  at  right 
angles  to  one  another,  in  order  to  exhibit  the  length,  breadth, 
and  thickness  of  the  cells.  On  i-emoving  them  from  the  knife 
or  razor  (by  means  of  a  camel's-hair  brush),  float  them  in  water 
and  move  them  gently  al>ont,  in  order  to  detach  the  cell-contents 
which  have  partly  escaped  from  the  cut  cells.  When  the  sections 
api)ear  clear,  transfer  them  to  the  middle  of  a  glass  slide,  add 
a  little  pure  water  and  cover  with  thin  glass,  being  very  careful 
to  exclude  all  air-bubbles.  If  the  sections  are  thin  and  wholly 
free  from  bubbles  of  air,  compare  the  outlines  of  the  cells  with 
one  another,  making  drawings  of  the  specimens. 

(b)  Make  similar  sections  (1)  through  the  pulp  of  any  unn|>e 
fViiit  —  apple,  pear,  snow-berry,  etc. ;  (2)  through  the  pith  of 
Elder,  Lilac,  or  any  soft  shoots ;  (3)  through  the  pulp  of  any 
succulent  leaves,  for  instance  those  of  Sedum,  Purslane,  or 
Begonia. 
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(c)  Make  a  lrausver»c  uod  a  vtrticnl  sci-tion  tliroiigli  lUe 
pftiule  nf  nny  ^ater-lily,  or  tliroiigh  lli«  soft  inU^riur  of  any  i-nstl 
(Juncus). 

(il)  Wbeo,  after  cuiisiilerable  i)rnctiue,  the  Btixleiit  siioeecds 
in  making  etri/  tliin  Heet.jons  of  the  Tore^oitig  platiU,  let  tlie 
rcngeiita  Tur  tlie  detnonstrstioD  of  eelliilose  l>e  ap[ilicd  to  tliem, 
Ka  directed  in  143. 

It  is  not  suiierfliiotis  to  stale  (1)  tliiit  siRt-caa  in  the  application 
or  tliesG  and  most  of  tlie  oUier  rea^fents  employed  uuder  the 
microscope  ia  generally  preeeiicd  liy  many  failure.s,  and  (2)  that 
carelessness  in  the  use  of  some  of  tbe  rei^nta  may  irrapaiulily 
rnin  the  miur'>scuj>u  lensca. 

Sclerotic  ParvncAi/tmi.  Excellent  material  can  !»  obtained 
(h)ni  the  flesh  of  pears  and  quinces  (see  211  and  Fig.  40). 

From  the  tough  aliiilb  of  many  surls  of  nuts  ami  s««d8  (see 
^"'g-  ^')  eoo(]  proparatiunscan  In-  made  by  the  mclbud  dcscrilied 
in  405.  For  tiic  Canada  balsam  ihera  recommended  good 
shellac  can  be  advaiitngeously  substituted. 

Pollmcfii/ma  rr!l»  are  well  exhibited  by  cross-sections  of  the 
Blein  of  any  coiiimou  Labiate,  for  instanw  Sj)earnuut,  or  of  tlie 
slem  of  almost  ajiy  uf  the  Umlwllifei-ne  (see  2IC).  A|)ply  dilut« 
hvdroebloric  aeiii  (o  the  sections. 


Wood parcnrh^jma  ctiU  are  eutly  obtained  by  careful  macer- 
ation (70).  Dilute  solutions  of  iSuhuUe's  liijuid  are  preferable 
to  strong,  altliongh  much  slower  in  action.  Excellent  material 
is  afforded  by  most  of  the  oaks  and  other  bard  won<ls  (see  2.'i4, 
2it.i).  Nearly  all  possible  intormeiiittlr  forms  can  l»  Ibiind  hy 
carefid  seaivh.  Apply  the  testa  for  "  ligidn"  (13^1.  Use  also 
uixin  different  specimens  red  and  blue  coal-tar  I'olora. 


(rt)  F.xamtne  a  film  removed  from  the  npjMT  surface  of  some 
fleshy  leaf;  for  instance.  Sedum.  the  culti(fttcd  Cotyledon  or 
Eccheveria,  Purelane.  or  Begonia,  etc. 

(A)  Compari'  the  cells  of  ttiia  film  with  those  found  on  the 
n|i|H-r  surface  of  a  shining  )>etal ;  «.  g,,  that  of  Buttercup  or 
l'opi.y. 
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(c)  Remove  a  mcKleratel}-  thin  film  from  the  3'oung  stem  or 
branch  of  some  Cactus,  and  examine  the  exposed  surface  of  tlie 
epidermal  cells  for  cutinization  (ir>G  and  224).  Apply  an \' of 
tlie  coal-tar  colors  to  similar  fragments,  and  note  diffei-ences 
of  tint. 

(d)  Examine  the  ''  bloom"  (22G)  on  the  following:  (1)  stem 
of  Indian  corn,  (2)  stem  of  castor-oil  plant,  (3)  leaf  of  cabbage, 
(4)  fruit  of  plum,  junii)cr,  or  Myrica  cerifera  (Bnyberry). 

(e)  Make  a  thin  vertical  section  through  the  leaf  of  Kicus 
elaslica  (India-rubber  plant),  noting  the  epidermis  and  cystoliths 
(see  1G4  and  Fig.  G). 

(/)  Examine  the  examples  of  multiple  epidermis  afToixied  by 
man}'  of  the  cultivated  species  of  Begonia. 

Trirhonies.  (a)  Examine  the  velvety  petals  of  any  flower, 
and  compare  their  very  short  trichomes,  or  hairs,  with  those  on 
downy,  rough,  and  bristly  stems  and  leaves. 

(b)  Examine  also  a  verticjil  section  of  a  young  rose-prickle. 
The  variety  of  glandular  trichomes  at  hand    in   any  locality' 

is  so  great  that  no  special  directions  need  be  given  for  their 
selection. 

(c)  Koot-haii*8  are  easil}*  obtained  bv  allowing  the  seeds  of 
flax,  or  the  grains  of  corn,  wheat,  etc.,  to  germinate  on  wet 
filtering-paper,  or  even  on  moist  glass. 

aS( omata  (\y\).  70-73).  For  the  proper  stud}-  of  these  a  mi- 
crometer eye-piece  (1 1)  is  very  necessary.  By  its  employment 
the  dimensions  of  individual  stomata  and  the  number  of  stomata 
on  a  given  space  can  Iw  easily  determined. 

Sections  of  stomata  are  made  Iwst  by  aid  of  the  jjrocesses  of 
imlKHlding  (8).  Examination  of  the  table  by  Weiss  (page  71) 
will  aflbrd  hinU  as  to  the  selection  of  large  stomata  for  examina- 
tion in  section. 

Wat>r-pores  and  r{ft8  (242).  {n)  AVater-pores  are  fmnished 
by  the  tips  of  the  UH»th  of  the  leaves  from  some  species  of  Fuchsia. 
Sections  showing  their  constituent  c<»lls  are  best  made  vertically 
and  lengthwise  through  the  leaf.  Tropieolum,  or  the  so-called 
Garden  Nasturtium,  also  gives  good  examples. 

{h)  Compare  with  these  water-pores  the  irregular  rifts  in  the 
leaves  of  some  grasses  ;  for  instance,  Indian  corn. 


PUOSENCHYMATIC    WOOD-ELEMENTS.  i) 

III.   Cork-Ckll«. 

For  the  examination  of  these  cells,  the  student  should  begin 
with  the  soft  and  dose- tt»xtn red  **  velvet"  cork  procurable  at 
anv  apothecarv  shop.  Let  the  setrtions  be  made  in  at  least  two 
directions  at  right  angles  to  each  other,  and  if  possible  let  them 
pass  through  one  of  the  lines  of  demarcation  of  the  cork ;  note 
an^'  dirt'erences  of  shape  anil  size  presented  by  the  cells  at  that 
place. 

The  young  stems  of  any  of  our  common  currants  give  in  cross- 
section  excellent  illustrations  of  cork-cells  (see  pages  74-76) 
and  of  their  development.  Test  these  and  similar  specimens  of 
cork-cells  for  the  presence  of  cutin  or  suberin  (see  26,  o4,  161). 

IV.    PUOSENCHYMATIC   WodD-KlF.MKNTS. 

These  elements  (sec  pages  78-87)  can  be  studied  to  best  ad- 
vantage after  very  careful  maceration,  as  directed  in  70.  Long 
wood-cells,  woo<ly  fibres,  and  tracheie  (<»r  ducts),  are  easily 
separable  from  each  other  by  such  chemical  nutans,  and  are 
cencrallv  identiried  with  facility.  Abundant  material  for  the 
demonstration  of  trachea?  is  allorded  by  the  fibro- vascular  bundles 
(IDH)  of  herbs  and  by  the  ligneous  parts  of  our  common  trees 
of/ter  than  (he  Conifirne.  There  appeai-s  to  l>e  no  special  need 
of  specifying  the  ligneous  plants  which  can  be  most  successfully 
employed  for  demonstrations  of  the  worxly  eleujcnts.  Magnolias, 
Tulii)-tree,  woody  lA^guminosaj  and  Rosacea?,  L'rticacea*,  and 
Cui)ulifene  are  all  satisfactory  as  sources  of  material. 

(Jood  exami)les  of  tracheids  are  procurable  from  species  of 
Conifera?,  such  as  Pines,  Firs,  Spnices,  etc.  These  should  be 
examined  in  all  stages  of  development  and  from  all  |K>ints  of 
view,  particular  att^'ut ion  being  directed  to  the  marked  difference 
between  the  radial  and  tangential  as|K»cts  of  the  cells. 

Cells  which  have  l)een  separated  from  each  other  mechanically 
and  have  not  been  previously  acted  on  by  chemicals  should  be 
studied  with  referen(Hj  to  their  behavior  under  the  action  of 
icHline  and  other  n^agents,  it  l>eing  jwssible  to  demonstrate  the 
existence  of  thin  layei*s  or  *^  plates"  which  comi)osc  the  wall. 
Iodine  colors  the  fresh  cells  yellow;  inyesti<2:at ion  shows,  how- 
ever,  that  the  inner  wall  or  plate  of  the  cell  is  not  much,  if  at 
all,  colored  by  the  reagent,  the  color  being  confined  to  an  outer 
and  a  middle  wall  or  plate.  When  the  cells  tlms  treated  with 
iodine  are  touched  with  concentrated  sulphuric  acid,  the  outer 
and  middle  plates  remain  yellow,   while  the  inner  plate  turns 
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blue.  Soon  the  inner  and  middle  plates  dissolve,  the  outer  not 
being  attacked  until  soniewhat  later.  Jf  Sihulze's  macerating 
Bolution  (full  strength)  is  employed,  the  outer  plate  dissolves 
quickly,  but  the  others  are  not  much  atteeted  for  some  time. 
Careful  management  of  these  i>o\verful  solvents  is  demanded  to 
insuixj  even  a  moderate  degree  of  success  in  this  demonstration. 

V.   BAST-Fini:r.s. 

Isolation  of  these  cells  is  easily  effected  by  teasing  with  needles 
under  the  dissecting  microsc*ope.  The  use  of  macerating  solu- 
tions for  this  purpose  is  also  admissible,  but  the  results  are  not 
quite  so  satisfactory  as  with  the  wood-elements.  Kxamination 
of  the  table  on  page  90  shows  the  wide  diffeivnce  which  exists 
between  the  dimensions  of  the  raw  fibres  and  their  structural 
elements,  into  which  thev  can  be  separated  mechanicallv. 

Most  bast-fibres  take  the  coal-tar  colors  verv  well,  and  it  would 
be  best  for  the  student  (without  giving  too  much  time  to  it)  to 
note  the  diffeixMit  ett'ects  which  are  produced  on  various  fibres  bj' 
the  coloi-s  descril>ed  on  page  19.  The  changes  produced  in  the 
dimensions  of  the  fibres  by  dilute  acids  should  also  be  observed. 
After  this  preliminar}*  practice  the  reactions  given  on  page  90 
should  Ik»  carefully  repeati»d  with  such  material  as  is  at  hand. 
Full  directions  for  the  preparation  and  use  of  the  prescribed 
reagents  will  be  found  in  the  introductory  chapter.  Lastly,  de- 
terminations of  the  average  dimensions  of  the  commercial  fibres, 
flax,  hemp,  jute,  etc.,  should  be  carefull}*  made. 

VI.   Ckidiioxe-Cells  on  SikveCells. 

These  can  be  very  easily  demonstrated  in  thin  vertical  sec- 
tions of  the  stems  of  an}*  lai^e  Cucurbitaceous  plants ;  for  in- 
stance, squashes,  melons,  etc.  If  the  student  fails  to  detect  in 
fresh  material  forms  similar  to  those  shown  in  Fig.  73,  a  little 
tincture  of  iodine  should  be  added  to  the  sjKH-imen,  in  oixler  to 
contract  the  lining  and  other  contents  of  the  cells.  By  this 
reagent  the  contents  become  more  or  less  distinctl}*  colored,  and 
the  discrimination  l)etween  the  cells  and  the  surrounding  tissues 
is  generally  very  plain.  In  other  common  plants,  gi'ape-vines, 
etc.,  the  detection  of  cribrose-cells  is  not  always  eas}-,  but  a 
diligent  search  will  bring  out  these  characteristic  constituents  of 
soft  bast. 

The  study  of  the  structure  of  the  sieve-plates  requires  the  use 
of  much  higher  powers  of  the  microscope  than  most  l>eginncrs 
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^re  likely  to  poaseBs.  Much  can,  howevpr,  be  done  iu  ibe  ex- 
amination of  tlio  aillua  by  the  eiui>lojTiient  of  tlic  reagenta 
nmntiuiiiHl  in  2S2  and  283.  The  studenl  should  not  fait  to  sub- 
mit a  tliiii  section  showing  the  lai^r  crilirose-wlls  to  the  Action 
of  coiicontiatcd  sulphuric  acid,  and  remove  in  this  way  the  whole 
of  tlic  cell-wall,  leaving  (if  the  umniiiulation  has  been  carefnl) 
till-  (TDuteots  aliglilly  eonneetcd  t<^aher  and  showing  llic  inter- 
cuniuiHuication  between  tlie  i«lU. 

VII.   LATEX-Cr-LLa. 

Latex-cells  are  abnndanl  for  demonstration  In  many  wild  and 
eultivatctl  (ilants;  but  few  nlfonl  matciial  bettor  adapted  to  tbo 
iis«  of  b^iuners  than  the  greenhouse  j>Iant,  Eiipliorliiu  splen- 
dens.  Other  cultivated  siwcies  of  tlie  same  genus  .ire  about  as 
gomi.  With  the  younger  and  solXer  stems  of  this  jilant  one  has 
mui-i-ly  to  si'cnre  thin  secliona  Uirough  llicir  ontwr  or  cortical 
[jortion,  when,  in  a  good  seeUon,  tlie  latex-uities  can  be  found 
rnndfying  irregidarly.  The  |>e(nilinr  diiinb-bcll  shaped  grains  in 
the  tubes  form  a  clmraeleristie  feature. 

When  a  tliin  section  of  any  tissue  eontaiuing  latex-tultes  is 
gently  heated  iu  a  dilute  solution  of  |)otasste  hydrat«,  or  for  a 
aliurter  time  in  a  stronger  solution,  the  parts  twcorae  so  much 
sotleiied  that  the  lubes  can  be  easily  se|wrated  from  tlio  sur- 
rounding  ti^ur,  alV-r  which  they  c^n  be  floal«<l  on  to  a  fVeah 
slide  and  examined  by  'themselves. 

Abundant  material  for  the  study  of  latex-cells  is  IVimish«l 
by  plants  of  tJie  follownig  groui)s :  Lolieliaceee,  Campanulaceie, 
LiguliQone,  and  many  l*i4>av cracks. 

Vlll.  Sfecial  RKcerTACLKa  i^k  .Sbcbctiois. 

These  arc  constantly  mot  with  in  soctinns  of  many  stems, 
leaves,  and  fruits.     A  few  examples  for  study  are  here  given. 

(a)  Cryttal-ceUs.  Look  for  these  in  the  leaves  of  tlie  Amoca>. 
Onsgmeeip,  ant)  Clicnoi>odiaceK.  and  in  the  bark  of  almr>st  any 
of  the  ligneous  Kosaceie  (Pomese),  where  they  are  especially 
associated  with  the  bast-tilires. 

(6)  Jteiiiii'CiilU  and  rMtn-rvterrxiirs  are  found  in  the  hnrk  of 
many  ConifcTfe  and  Umbellifem:.  etc.,  In  tliu  leaves  of  Rataceie, 
Ilypericaceai,  and  Myrlnecie. 

(c)  Tiutnin  recrptarha  are  found  in  verj-  many  kinds  oflMrh. 
For  the  detection  of  tannin,  solutions  of  potftsaic  chromate  or 
ammonic  cbromate  may  be  employed,  a  brown  poior  Wing 
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promptly  prociuced.     This  test  is  preferable  in  some  respects  to 
the  solutions  of  irou  alluded  to  in  59. 

Intercellular  spaces  of  various  sha|jes  and  sizes  containing 
air,  or  air  and  water,  are  met  with  in  many  of  the  plants  already 
enumerated.  The  most  interesting  are  found  in  monocotjledo- 
uous  plants,  notably  Araccse  and  Juncacese. 


CELL-CONTENTS. 

I.   Protoplasm. 

No  better  material  for  the  demonstration  of  the  physical  and 
chemical  properties  of  protoplasm  in  its  active  state  can  be  em- 
piojed  by  a  beginner  than  the  young  stamen-hairs  of  Spiderwort. 
Several  garden  species  of  Spiderwort  are  available  for  this  pur- 
pose, especially  Tradescaiitia  Vii-ginica  and  pilosa.  The  green- 
house species  can  also  l>e  employed.  If  none  of  these  are  at 
hand,  any  3*oung  large  plant-hairs  with  thin  transparent  walls 
will  answer  for  the  demonstration.  If  the  hairs  are  8ufficientl3*' 
3'oung,  the  protoplasm  appears  as  a  nearly  transparent  mass 
filling  the  cell-cavity ;  but  even  when  they  are  only  slightly 
advanced  in  development  the  mass  lK»comes  hone^-combed  by 
eap-cavities  or  vacuoles.  With  further  development  these  be- 
come confluent,  and  traveled  here  and  there  b}'  slender  threads  ; 
the  wall  of  the  cell,  however,  as  long  as  it  is  alive,  being  lined 
by  a  delicate  film  of  protoplasm.  « 

When  the  protoplasm  exists  in  a  cell  only  in  the  latter  condi- 
tion, it  is  well  to  place  the  cell  in  a  solution  of  sugar  (a  five  per- 
cent one  will  answer)  or  in  dilute  glycerin.  By  this  means  the 
protoplasmic  lining  is  contracted  somewhat  by  the  withdrawal 
of  water  from  its  cavity,  and  in  shrinking  from  the  wall  its  shriv- 
elled contour  can  Ikj  easily  distinguished. 

It  is  best  for  a  beginner  to  use  in  his  early  demonstrations 
very  30ung  plant-hairs  in  which  the  vacuoles  do  not  occupy  much 
space  within  the  cell.  The  cells  composing  the  growing  points 
of  most  roots,  stems,  and  leaves  are  too  small  for  satisfactory- 
study  at  the  very  outset ;  it  is  well  to  defer  the  examination  of 
the  protoplasm  in  these  until  its  reactions  have  been  clearly 
demonstrated  in  young  plant-hairs. 

Directions  for  the  demonstration  of  active  protoplasm  can  be 
found  in  section  124.  The  tests  there  given  should  be  repeated 
by  the  student  four  or  five  times  with  different  kinds  of  cells. 


art*r  wliifli  tUe  effect  upon  fresh  tnateiml  of  potassiu  hydrate, 
hoth  tlie  concentrated  and  the  dilute  soliitiuiis,  shouiti  bo  caro- 
fiilly  wat4:hed.  In  these  examinationB  it  will  l)e  will  lo  piactiso 
Willi  the  reagents  wiltiout  liaing  the  cover-glaas  (sec  17  and  iO). 

11.  CirLoiioPi-Asiiiis. 

Kxainiiie  Uio  clUorophi/U  gramika  (see  page  4!)  in  the  fol- 
lowing material :  — 

(a)  The  imrenchymn  cells  of  any  thick  leaves,  for  instance 
those  of  Purslane,  Hegonia.  etc.,  noting  in  tlic  ilrawing  the  rela- 
tiVB  size  and  abundance  of  the  graniiica  in  different  cells. 

(h)  The  C|>iderini9  of  tlie  same  leaves,  noting  in  what  cells,  if 
iny,  the  granules  aiv  found. 

Examine  aUo  the  green  bodies  in  the  leaves  of  nny  trne  moss, 
and  in  ntiy  Dlameiibms  atgn,  e.  p.,  Spirogym.  ami  Ihc  cotyledons 
of  tlie  following  seeds  for  any  gret-n  granules :  simflower,  maple, 
and  pine. 

Raise  tliree  sewlling*  of  flax  and  pine.  I^t  one  of  the  seed- 
lings of  each  \yf  kept  in  darkness,  to  Uie  second  seedling  of  each 
give  only  a  ver}-  little  ligiit,  lo  tJie  thirti  give  as  much  light  as 
possible ;  and  when  tlic  plumules  have  l>cgim  to  develop,  examine 
the  cotyledons  and  young  otcms  for  any  color-granules. 

Do  well-blanchetl  eelery  i)ctiole9  contain  chlorophyll?  To 
answer  tins,  examine  the  base,  middle,  and  summit  of  the  leaf- 
stalk. 

The  iicxt^ree  studies  can  Iw  advantageously  deferred  nnlil 
alter  that  of  starch. 

III.  LturorLASTiDi^ 

These  bodies  (see  174^  require  for  tlieir  detection  verj'  cari-fnl 
ninnipulntion,  but  by  following  ihe  directions  given  on  page  44 
llicy  can  usually  be  made  out  without  muc-h  difficulty.  For  the 
pdeudo-bulb  of  Phi^ns,  which  is  tliere  recommended,  the  same 
oi'gan  in  almost  any  of  Uie  cultivated  exotic  orchitis  may  l)e 
Butistitubod. 

IV.  QiRoxurijksrttis. 

These  can  bo  examined  in  any  of  the  colored  fVuits :  for 
instance,  in  winter,  the  lierries  of  Sulannm  PseiidocapMcum 
(Jerusalem  C'lKTrj)  may  be  nacil  (as  din-eti-d  in  498).  The 
granules  thcn^  found  should  be  compared  with  colored  granules 
in  the  [tetalA  of  almost  any  flower.  For  examination  of  the  color- 
grannies  in  llowers,  common  panaies  answer  y^x^  well  (see  477.) 
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V.  Protein  Granules  (pages  44-47  and  182). 

Examine  thin  sections  of  the  endosperm  of  the  seeil  of  Ricinus 
after  the  s[)ccimen  has  been  treated  as  directed  in  176,  and  also 
of  the  seed  of  Beitholletia  (Brazil-nut).  Permanent  preparations 
fi-oni  the  latter  should  be  made  as  dii-ected  on  page  47. 

Search  also  for  cubical  crystalloids  in  the  cells  just  under  the 
skin  of  a  [K>tato-tuber. 

VI.   Staucu. 

In  the  examination  of  starch  (pages  47  and  181)  make  tbin 
sections  of  (a)  a  |Xitato-tulx^r,  (/»)  the  cereal  grains  figured  in  tho 
pages  cited,  (c)  seeds  of  the  |)ea  and  bean. 

Detach  some  medium-sized  starch-granules  and  measnre  them 
with  the  micrometer ;  after  this  appl}'  a  solution  of  iodine,  em- 
ploying the  most  dilute  one  which  will  impart  a  decided  color  to 
the  granules.  Is  the  color  given  by  iodine  permanent?  Does 
exposure  of  tlie  colored  si>ecimen  to  light  make  an}*  difference  in 
permanence  of  color? 

In  all  cases  note  very  carefull}'  any  ap|)earance  of  stratifica- 
tion which  the  different  granules  present,  and  determine  tho 
distinctive  characters  by  which  each  of  the  common  commercial 
starches  can  be  recognizetl,  such  as  rice-starch  (toilet-i)owder), 
laundry  starch  (either  wheat  or  ixitato),  etc.  After  sufnciciit 
familiarity  has  been  acquired  b}'  an  examination  of  all  the 
kinds  of  starch  figured  in  Part  I.,  try  to  identifj-  under  the 
microscope  specimens  of  laundry  starch  and  of  various  kinds 
of  flour. 

Can  starch  l>e  detected  in  the  following :  — 

Seeds  of  flax  and  mustaixl  ? 

Roots  of  Iwets  and  turnips? 

Pulp  of  the  ripe  and  the  unripe  apple? 

Bark  of  willow  and  maple  ? 

Young  shoots  of  pine  ? 

For  the  detection  of  starch  in  minute  amount  in  chlorophyll 
granules  the  directions  given  on  page  42  must  be  carefully 
followed. 

From  this  time  on,  the  character  of  the  granules  seen  in  any 
specimen  should  be  determined  by  iodine  and  the  result  noted 
in  the  drawing. 


CEYSTALS,   CARBOHYDRATES,   AND   OIIrGLOBULES.     11 

VII.   Crystals. 

In  many  of  the  sections  already  spoken  of,  for  instance  those 
of  Begonia,  single  crystals  and  elustei*s  of  crystals  have  at- 
tracted attention.  For  a  brief  study  of  different  forms  of 
crystals  (see  pages  52-55)  the  following  are  very  serviceable : 
petioles  of  Begonia,  scales  of  onion,  leaves  of  Tradescantia, 
Fuchsia,  and  the  common  "Calla"  (Richardia),  bark  of  many 
wood}'  plants. 

If  a  thin  section  of  the  leaf  of  almost  any  Araceous  plant,  for 
instance  ^^  Calla,"  is  placed  iu  a  little  water  under  the  micro- 
scope, it  frequently  happens  that  the  discharge  of  acicular 
crystals  (raphides),  described  on  page  52,  can  be  seen  without 
difficulty. 

Apply  to  the  specimens  containing  crj'stals  the  two  reagents 
spoken  of  in  the  table  on  page  54,  and  carefully'  note  results. 

Repeat  Vesque's  experiment  (188). 

VIII.   Carboiiyduates  dissolved  IX  THE  Cell-Sap. 

(a)  Inulln  (183)  is  deposited  from  its  solution  in  cell-sap 
whenever  the  cells  are  placed  for  a  time  in  alcohol  or  even  in 
glycerin.  Its  charactenstic  forms  are  not  likel}'  to  be  mistaken 
for  anything  else  met  with  in  the  tissues.  Excellent  material  is 
afforded  not  only  by  the  common  Diihlia,  but  bj*  Cichory  and 
Dandelion  (see  Fig.  35). 

{b)  The  sugars.  Examine  a  thin  section  of  beet-root  by  the 
method  described  in  184.  Compare  with  it  a  thin  section  of  any 
ripe  fruit. 

IX.    Other  Cell-contexts. 

Oil  Globules^  sometimes  of  large  size,  but  generally  minute, 
are  to  be  looked  for  in  those  seeds  which  do  not  contain  starch 
(compare  511).  Examine  in  these  the  effect  of  ether  on  the  par- 
ticles of  oil,  and  also  make  sections  through  the  leaves  of  St 
John's-wort,  Rue,  and  Dictamnus,  and  through  the  rind  of  an 
orange  or  lemon  to  determine  the  shape  of  the  receptacles  con- 
taining oilv  matters. 

Resins^  etc.  For  a  study  of  these,  proceed  as  directed  in  b^^ 
employing  young  shoots  of  Pine. 

TiUinin^  etc.  For  the  detection  of  tannin,  solutions  of  iron  (sec 
59)  may  be  used  ;  but  the  results  are  generally  more  satisfactory 
when  a  solution  of  potassic  or  ammonic  dichromate  is  employed. 
The  color  imparted  to  the  cells  containing  much  tannin  is  brownish 
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or  even  almost  blaek.  The  Btudent  should  examine  the  very 
jjeculiar  globules  of  tannin-solution  found  in  the  sensitive  pulvi- 
Dus,  or  cusliion.  at  the  base  of  the  jx^tiole  of  Mimosa  (Sensitive 
plant).     Similar  globules  have  been  detected  in  dilTercnt  barks. 

DISTRIBUTION   OF  THE  HISTOLOGICAL  ELEMENTS. 

The  various  histological  elements  after  being  examined  as 
directed  in  Chapter  li.  should  be  investigated  with  regai*d  to 
their  mutual  relations.  It  is  advisable  to  begin  with  the  skele- 
ton or  framework  of  the  plant,  afterwaixls  taking  up  the  latex- 
cells,  etc. 

As  shown  in  Chapter  III.,  the  framework  of  the  higher  plants, 
which  we  are  now  to  consider,  c^nsi^ts  of  fibro- vascular  bundles 
variously  arranged  anil  conjoined.  The  bundles,  which  in  some 
cases  may  run  for  some  distance  as  isolated  threads,  and  in 
others  exist  as  compact  masses,  are  surrounded  with  larger  or 
smaller  amounts  of  cellular  tissue,  the  exterior  portions  of  which 
are  spcciull}'  adapted  to  come  into  contact  with  the  sun-ouudiugs 
of  the  plant. 

I.    STKrrrrRE  of  Fibro- varci* la r  Bundles. 

For  the  demonstration  of  the  structure  of  fibro-vascular 
bundles,  seedlings  of  the  following  plants  will  afford  good 
material :  Hean,  Indian  corn,  Castor-oil  plant,  and  Squash.  The 
roots  of  these  plants  give  examples  of  ra  Hal  bundles  {313),  in 
which  the  strands  of  HIkm*  and  of  wood  are  in  different  radii, 
while  from  lluir  stems  (including  the  hypocotvledonary  stem  of 
the  bean,  eastor-oil,  and  squash)  may  be  obtained  excellent 
illustrations  of  collotend  bundles. 

The  s(»ctiou8  for  displaying  the  structure  of  the  bundles  are 
best  made  in  the  three  directions,  transverse,  vertical-tangential, 
and  vertical- radial.  In  a  few  cases  sections  made  obliquelj-  to 
the  axis  of  the  organ  are  instructive ;  but  unless  great  care  is 
exercised  in  observing  all  their  relations,  they  may  be  rather 
misleading. 

In  all  cases  examine  fullv  the  character  of  the  bundle-sheath 
(sec  212).  The  student  should  not  be  satisfied  with  anything 
less  than  a  clear  interpretation  of  all  the  structural  elements 
which  he  meets  in  a  given  bundle.  If  the  structure  of  a  bundle 
is  not  revealed  by  the  sections  ahead}'  prei)ared,  fresh  ones 
should  be  made  and  carefully  con»pared  with  the  others,  and 


l-II(UO-VASCULAB    BfNDLES. 


13 


wiUi  the  figures  in  Port  1.  In  order  to  iilenlily  some  of  tlie 
structural  (^lem«^'LU>4  fomposing  a  bundle,  it  is  sometJuies  advis- 
able tu  i-esurt  to  L'uiitioiis  innuTation  (see  TO),  bo  tlmt  the  parts 
niaj-  be  iaoluted.  U  has  licen  fouiiil  advnutageotis,  in  n  few  io- 
sliuicea,  to  very  sefurely  fasten  tlie  section  iinOer  esamiaalion  to 
lUiii  rubber  int-'iiibrane  bv  means  of  tlie  best  •'  rubber  "  cement 
or  niiiiitie  glue,  nnil  then  subject  the  lacmbraiie  jiml  section  to- 
gether to  tbe  action  of  the  macemting  liquid,  great  caro  being 
cxcn.nscd  tu  have  llie  process  graduul.  AHer  the  maceration  ia 
coiiiplctc,  tlie  membrane  is  removed  fiwa  the  liquid,  washed, 
and  then  slowly  stretched  until  the  adherent  wood-elements  are 
sumewhut  torn  apart.  It  will  Iw  ubseried  that  bj-  this  method 
their  Tormer  relations  neeil  not  l>e  greatly  disturbed. 

After  examining  the  fibro-rasculnr  bundles  in  the  seedlings 
alKive  named,  proceed  to  the  study  of  the  bundlea  in  the  I'oots. 
stems,  and  leaves  of  two  adult  herbaceous  plants,  for  instance 
Indian  com  and  iJeau,  in  order  to  Hscerluin  what  differences,  if 
any,  exist  in  tbe  coiniwsitioii  of  the  bundles  in  a  given  organ  at 
different  |>eriods  of  growth. 

It  was  slated  in  SU'J  tliat  the  simplest  form  of  a  fibro-vascular 
bundle  eonsista  of  merely  a  few  tracheal  cells  (or  sometimes  tra- 
chea) U^etlier  with  some  cribrose  or  sieve  cells.  The  student 
should  soaR'h  for  traehelds,  which  may  occur  disconnected  fhim 
any  bundle ;  as  for  example  in  the  stems  of  si>ecies  of  Salicornla 
(a  seaside  plant  of  succulent  texture),  uud  in  the  (letiole  and 
pitchers  of  Xepeulhea.  Traehelds  occur  also,  often  in  a  eon- 
tiimous  layer,  as  a  shealb  of  the  aeiiul  roots  of  oi-eluils.  Sieve- 
tubes  may  !«  hwked  for  at  n  little  distance  from  the  bundles  in 
the  stems  of  i>otato  and  tobacco,  where  they  occur  tn  the  periphery 
of  the  pith. 

Two  supplementary  studies  are  strongly  advised:  (1)  of  the 
bnndlea  in  fenis,  (2)  of  those  in  aqmilic  phienogoms.  In  the 
former,  "  eouL'entric  "  bundles  arc  met  with ;  in  the  latter,  nidi- 
nientary  bundles. 

11.       CuCllsK   nr  Tilt   Dt-NKLKS. 

The  course  of  the  fibro-vaseular  bundles  enn  be  traced  in  some 
cases,  es[)eeially  in  young  and  rather  Juicy  stems,  like  those  of 
Impaliens.  with  little  or  no  dilDculty ;  but  it  is  generally  neees- 
siiry  to  treat  somewhat  thick  nections  of  the  stem  under  ex- 
amination by  n  macerating  liquid,  for  instance  potassic  hydrate, 
alter  which  the  course  can  bi-  made  out.  In  most  eases  the 
rooree  of  the  bundles  can  also  be  made  out  by  aerint  of  aecUona 
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made  at  different  |x>ints  in  tbe  organ,  care  being  taken  to  arrange 
the  sections  in  their  proix?r  seqr.enc?. 

The  following  matenal  will  lie  nseful  for  practice  in  the  deter- 
mination of  the  coni-sc  of  the  bundles :  young  shoots  of  Clematis, 
Vitis,  and  Phaseolus  (all  dicotyledons) ;  and,  after  these,  shoots 
of  Spidorwort,  the  rootstock  of  Convallaria  (Lily  of  the  Vallcj*), 
or  of  Smilacina,  and  if  jiossiblc  the  bud  of  a  young  palm. 

The  course  of  the  bundles  in  leaves  and  dr}'  fniits  can  be 
easily  demonstrated  by  '•  skeletonizing'*  them.  This  is  effected 
b}'  keeping  the  leaves  for  a  long  time  in  a  dilute  solution  of 
calcic  hypochlonte  (see  50). 

DEVELOPMENT  OF  THE  ELEMENTS. 

This  must  be  examined  in  the  youngest  seedlings  of  the  plants 
now  siK>ken  of.  The  sections  must  l)e  through  the  growing 
points,  and  should  be  well  cleareil  by  one  of  the  processes  de- 
scribed in  IG  or  24.  For  the  development  of  special  structural 
elements,  for  example  latex-cells,  see  Part  I. 

HISTOLOGY  OF  THE   VARIOUS  ORGANS. 

I.  The  Root. 

The  student  ma}-  use,  for  demonstration  of  the  hi8tolog3*  of 
the  root-tip,  any  seedlings  which  have  been  grown  either  in  water 
or  on  a  dean  support,  and  are  therefore  free  from  grains  of 
earth.  Root-haii-s  are  l>est  examined  on  seedlings  sprouted  upon 
moist  sponge  or  bibulous  paper. 

II.  The  Stem. 

It  is  advised  that  the  student  now  prepare,  in  addition  to  tbe 
sections  of  stems  previously  examined,  sections  through  two  and 
three  year  old  shoots  of  any  common  dicotyledon,  and  note  all 
differences  which  exist  between  the  different  wood}*  elements 
forming  the  rings,  and  all  changes  in  the  bast.  The  growth  of 
cambium  should  be  carefullj'  examined  in  the  young  shoots  of 
Pine  and  of  Oak. 

For  the  study  of  the  secondary  changes  in  the  bark,  the 
twigs  of  black  currant  or  of  white  birtrh  afford  good  mateiiali 
the  successive  changes  being  easily  followed. 

The  oi'currence  of  true  cork  in  out-of-the-way  places  is  illus- 
trated by  Catalpa,  Professor  Barnes  re[K)rting  that  it  sometimes 
occurs  between  the  annual  layers  in  the  stcMn  of  Catali>a  speciosa. 
Other  cases  should  be  looked  for. 
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III.    The  Leaf. 

The  leaf  presents  few  difliculties  in  histological  manipulation. 
For  all  necessary  details  consult  pp.  155-1G4.  The  following 
plants  atford  excellent  material  for  study :  — 

Of  the  centric  arrangement  of  parenchyma  in  the  blade,  Trit- 
icum  vulgare,  Acorus,  and  many  of  the  Cactaceoe. 

Of  the  bifacial  arrangement  of  parenchyma,  many  plants  with 
flat  horizontal  leaves. 

IV.    The  Flower. 

It  is  assumed  that  the  student  has  thoroughly-  familianzed 
himself  with  the  morphology  of  the  simpler  flowers  as  explained 
in  Volume  I.,  and  has  acquired  some  facility  in  examining,  as 
there  directed,  those  of  more  complicated  structure. 

The  study  of  the  microscopic  anatomy  of  all  the  floral  organs 
in  their  adult  state  should  precede  any  attempt  to  examine  their 
development.  Since  the  flower  should  be  examined  in  all  stages 
of  its  development,  it  is  well  to  select  for  study  only  those  flow- 
ers which  can  be  readily  obtained  in  large  numbers,  and  further- 
more, by  preference,  those  which  are  not  thickh*  covered  with 
hairs.  The  common  weeds  Lepidium  Virginicum  and  Capsella 
Bursa-pastoris  afford  excellent  material  for  the  study  of  the 
flower  and  its  development,  and  have  the  signal  advantage  of 
being  much  alike  in  the  most  essential  respects,  yet  possessing 
minor  ditforences  which  are  not  lik(»lv  to  be  overlooked. 

An  exhaustive  examination  of  the  histology  of  the  organs  of 
the  flower  should  begin  with  the  study  of  the  sepals,  the  other 
organs  being  taken  up  in  their  turn,  and  the  following  points 
receiving  special  attention  :  (1)  the  possible  occurrence  of  stom- 
ata  upon  all  the  parts  of  the  blossom ;  (2)  the  peculiarities  in 
the  proper  epidermal  cells  of  the  petals  ;  (3)  the  character  of  the 
parenchyuja  in  all  parts  of  the  flower,  and  all  differences  in  the 
nature  of  the  cell  conti*nts,  notably  the  plastids  ;  (4)  the  charac- 
ter and  the  distribution  of  the  fibro- vascular  bundles  in  their 
course  from  the  pedicel  to  their  ultimate  attenuated  ramifications 
in  the  several  organs. 

Stamens,  The  character  of  the  pollen  demands  special  atten- 
tion, and  its  examination  should  be  followed  b}*  a  comparison 
betwecju  as  many  kinds  as  possible  taken  from  various  flowers. 
The  character  of  the  integuments  and  the  contents  of  the  grains 
should  also  be  demonstrated. 
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The  phtil  rcrjuircs  little  special  study,  except  in  r^ard  to  its 
developriK'iit.  It  will  Ix*  well  to  examine  the  couductive  tissue 
of  the  bt\  if  and  trace  it  down  to  the  ovarian  walls.  (Other 
minute  matters  conni^ctiHl  with  the  stamens  and  pistils  are  con- 
sidered under  *' Fertilization.') 

V.     Development  of  the  Flower. 

From  the  youngest  flower-cluster  of  any  plant  having  indeter- 
minate inflorescence,  for  instance  that  of  Lepidium  or  Capsclla, 
cut  squarely  off  a  short  piece  of  the  tip,  place  it  on  a  glass  slide 
in  a  little  alcohol,  in  onlcr  to  remove  the  air,  and  cover  with 
thin  glass.  (If  the  student  has  an  air-pump,  the  specimen  can 
be  placed  at  once  in  water  on  the  slide,  and  then  subjected  to 
the  action  of  a  partial  vaciunn,  which  will  of  ci^urse  free  the 
whole  preiKU-ation  from  any  air-huhbles.)  After  the  air  has 
been  removed,  add  \vaU»r,  and  if  the  sj)ecimen  requires  clearing, 
as  is  usually  tlie  case,  some  potassa.  On  gently  warming  the 
slide  the  specimen  will  grow  somewhat  darker,  but  after  a  time 
will  Ik;  made  tolerably  clear.  If  not,  proceed  as  directed  in  25. 
The  specimen,  if  a  good  one  and  well  prei)ared,  ought  to  show 
all  the  relations  of  the  several  flowers  of  the  cluster  to  each 
other.  Prepare  a  second  specimen  by  removing  the  flowers  in 
succession  under  the  dissecting  lens,  beginning  with  the  larger, 
and  placing  tliem  in  a  low  whicii  will  c<)mi)rise  all  the  stao-es  of 
development.  With  the  material  thus  obtained,  which  it  is  well 
to  keep  moist  with  glycerin,  the  examination  of  all  the  ditrerent 
pai'ts  can  be  sutrcessfully  carried  out  The  stud^-  will  be  far 
more  instructive  if  the  student  makes  a  parallel  series  with  an 
allied  species.  CoiiJ|)arison  of  the  two  species  above  mentioned 
shows  exactly  when  and  where  some  of  the  parts  are  arrested  in 
development. 

VI.     Dkvelopment  of  the  Pollen'. 

The  examination  of  liie  anther  for  this  study  shoidd  be<»"in  at 
a  very  early  stage  in  the  growth  of  the  flower,  and  particular 
attention  should  be  given  to  the  cells  which  line  the  pollen  cavi- 
ties. Great  advantage  is  gained  from  the  skilful  emplovnient 
of  staining  agents,  by  which  the  parts  are  brought  out*  more 
clearly  (see  77  et  seq.).  All  changes  in  the  character  of  the 
nucleus  of  the  grains  during  their  differentiation  demand  f 
their  idontirieation  the  use  of  staining  agents  without  the 
vious  application  of  potassa. 
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VII.     Dkvelopment  of  Ovl'les. 


lu  this  examination  the  wall  of  the  ovary  must  be  removed, 
and  the  minute  eminences  which  are  to  become  the  ovules  ob- 
served in  their  earliest  stage.  The  successive  external  produc- 
tions wliich  are  to  l)ecome  the  integuments  of  the  ovule  should 
be  traced  with  great  care.  It  is  also  well  to  examine  minutely 
the  chunjres  in  form  of  the  embrvonal  sac  in  the  nucleus  (or 
nucelhis)  of  the  ovule.  These  will  be  further  adverted  to  under 
*'  Fertilization." 


VIII.      MlNTTK  StUUCTURE  OF  THE  SkKD, 

Since  in  the  previous  exercises  some  parts  of  the  seed  have 
been  alreadv  exan)ined,  it  is  necessary  here  merelv  to  call  atten- 
tion  to  the  desirability  of  studying  the  character  of  the  integu- 
ments in  at  least  two  common  and  a  few  exceptional  cases. 
For  the  former,  no  seeds  are  better  than  those  of  the  common 
Bean,  Pea,  or  Lupine.  Alter  a  clear  idea  has  l>een  obtained  of 
the  nature  of  the  ceils  which  compose  the  greater  part  of  the  two 
integinnenUs,  tiie  student  siiouid  make  careful  sections  through 
the  hilum  in  order  to  display  the  peculiar  sac-like  body  there 
seen.  For  the  exceptional  types  of  integmnents,  examine  the 
seeds  of  Flax  (showing  the  gelatinous  modification,  etc.),  or 
better,  if  they  can  be  procured,  the  seeds  of  Collomia  and  Cot- 
ton. It  will  be  well  also  to  examine  the  closely  united  ovarian 
and  ovular  coats  in  the  common  grains,  like  Wheat  or  Indian 
corn. 

The  student  should  examine  as  many  seeds  as  i)ossible,  includ- 
ing those  containing  much,  little,  and  no  starch,  and  observe  also 
whether  or  not  there  is  any  difference  between  ripe  and  unrii>e 
seeds  in  the  amount  of  starch  which  tliev  contain.  He  should 
examine  the  contents  of  the  cells  nearest  the  integuments  in  any 
of  the  seeds  above  mentioned,  and  ascertain  the  relative  amount 
of  albuminoid  matters  present  compared  with  those  in  the  cells 
in  the  interior  of  the  seed. 

Further  microscopic  examination  of  the  seed  is  to  be  taken  up 
when  germination  is  studied. 
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PRACTICAL  EXERCISES  IN  VEGETABLE 

PHYSIOLOGY. 

This  course  of  experiineut^  in  Vegetahle  Physiology  is  divided 
into  two  parts :  llje  first  series  comprises  a  few  exercises  whiel\ 
can   be  undertaken  by  any  one  having  only  tlie  simplest  appli- 
ances ;  the  second  requires  more  complicated  apparatus.     The 
first  series,  if  faithfully  and  intelligently  followe<i,  should  place 
the  student  in  possessi<m  of  the  leading  facts  regarding  the  prin- 
cipal activities  of  the  plant;  while  the  second  series  should  ac- 
quaint him  with  the  chief  methods  employed  for  the  investigation 
of  the  special  ollices  of  the  organs  of  the  plant,  and  fix   the 
principal  results  in  his  mind.     It  should,  however,  1)e  frankly* 
stated  that  for  the  proper  and  satisfactory  i)erformanee  of  the 
exiM}riments  detailed  in  this  second  or  special  series  the  student 
should  first  l>ecome  familiar  with  the  ordinary  raetho<ls  of  chemi- 
cal and  physical  manipidation,  and  have  at  command  the  funda- 
mental principles  of  chemistry  and  of  physics. 

FIUST  SERIES. 

In  this  series  are  discussed  experimentally  the  following  car- 
dinal topics:  (l)  Tiie  behavior  of  protoplasm  in  a  living  cell; 
(2)  The  gain  in  substance  by  assimilation  and  the  loss  of  sub- 
stance by  growth:  (3)  The  chief  conditions  under  which  plants 
assimilate  ;  (4)  The  dependence  of  the  piincipal  activities  of  the 
plant  upon  certain  external  conditions. 

The  experiments  can  be  conducted  with  the  following  ap- 
pliances :  — 

1.  A  small  balance  with  weights  ranging  from  twenty  grams 
to  one  centigram.  If  a  balance  is  not  procurable,  ordinary-  hand- 
scales  with  horn  or  brass  pans  will  answer  very  well. 

"2.  A  water-bath,  or  in  i)lace  of  it  a  small  porcelain -lined 
kettle  of  one  or  two  pints  capacity,  fitting  into  a  larger  iron 
kettle.  Water  placed  in  the  larger  kettle  prevents  the  inner  one 
from  lu'ing  heated  above  the  boiling-point  of  water. 

3.  Half  a  dozen  test-tube*^. 

4.  Three  or  four  pieces  of  glass  tubing,  six  inches  long. 
f).  A  small  camers-liair  pencil,  and  India  ink. 

(».  Pieces  of  coIohmI  ghiss  or  colored  gelatin  (red,  3'ellow, 
green,  blue,  violet),  six  inciies  square  or  larger. 
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For  the  first  stud}*,  the  examination  of  protoplasm,  a  micro- 
scope magnifying  from  two  hundi*ed  to  six  hundred  diameters 
will  be  required,  together  with  u  small  outfit  of  slides  and  covers  ; 
and  for  the  examination  of  growth  a  zinc  box  constructed  as 
directed  in  "The  Dependence  of  Growth  upon  Ileat." 

I.    The  Behavior  of  Protoplasm  in  a  Living  Vegetable  Cell. 

For  all  necessary  details  as  to  the  chemical  reactions  of  proto- 
plasm, see  124  and  the  exercise  on  page  8  of  this  ''Praxis." 
At  present  it  is  [>roiK)sed  to  call  attention  to  the  various 

Movements  of  Protoplasm. 

(a)  Material.  The  delicate  hairs  from  the  young  leaves  of 
almost  any  pubescent  plant  will  serve  for  the  demonstration 
of  these  movements,  but  the  following  are  recommended  on 
account  of  their  abundance  and  excellence :  stamen-hairs  of 
Spiderwort  (Tradescantia),  hairs  from  the  young  leaves  of 
squash  and  nettle,  and  from  the  velvety  leaves  of  many  culti- 
vated exotics. 

(b)  Pre]xiratio7i  of  specimens.  Remove  by  needles,  forceps, 
or  scalpel  a  very  little  of  the  epidermis  with  its  attached  hairs, 
and  place  it  at  once  in  a  little  water  on  a  glass  slide.  In  placing 
the  thin  glass  cover  on  the  specimen  be  cai*eful  to  exclude  all  air- 
bubbles  and  not  to  crush  the  cells.  If  necessary,  put  a  fragment 
of  glass  under  one  edge  of  the  cover,  to  lighten  the  pressure  on 
the  object.  If  the  haii*s  are  suitable  for  the  examination,  tho 
delicate  threads  of  protoplasm  ought  to  be  distinctly  seen  through 
the  cell-walls,  and,  afler  a  little  time,  a  movement  of  translucent 
granules  should  l>e  seen  in  them.  If,  after  a  few  moments,  no 
movement  can  be  detected,  warm  the  sliile  a  little  with  the  hand 
and  again  obser\-e.  If  no  movement  should  now  be  seen,  add 
to  the  water  on  the  slide  a  little  dilute  glycerin ;  this  causes 
slight  contraction  of  the  protoplasmic  lining  of  the  cell,  and 
probably  the  movement  can  then  Ix;  observed  in  the  threads.  If 
not,  do  not  waste  time  over  the  sj)ecimen,  but  try  a  fresh  one.  A 
power  of  200  diameters  will  answer  for  this  work,  but  one  of  500 
is  better. 

(r)  Questions  to  he  anHtpered  by  the  specimen.  If  the  student 
has  secured  a  gcxxl  prei)aration,  in  winch  the  movement  of  gran- 
nies in  the  threads  can  be  seen  distinctlv,  he  can  easilv  answer 
the  following  queries  :  What  is  the  rate  of  motion  of  the  gran- 
ules at  the  tem[)erature  of  the  room?     Do  the  thi*eads  remain 
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unchanged  in  shape?    Do  an}'  granules  pass  from  one  cell  to  the 
next  one?    Where  is  the  motion  fastest? 

While  the  observations  are  in  progress,  be  careful  not  to  allow 
the  i)reparation  to  become  dry  :  add  a  little  water  occasional I3', 
and  note  whether  the  rate  of  motion  is  increased  or  dimiuished 
for  the  next  n)inute  or  so. 

(d)  Questions  to  be  answered  by  experiment,  (1)  What  effect 
upon  the  rate  of  protoplasmic  movement  does  increase  of  tem- 
perature produce? 

In  order  to  keep  the  slide  with  the  specimen,  prepared  as 
above,  from  touching  the  metallic  stage  of  the  microscope,  place 
under  eacli  end  of  it  a  piece  of  thick  pasteboaixi,  and  then  clamp 
it  down  firmly  by  means  of  the  stage-clips,  so  that  it  cannot 
be  easil}'  displaced.  After  the  slide  has  been  in  position  for  a 
few  minutes,  note  the  rate  of  movement  of  the  granules  at  the 
ordinary  temperature  of  the  room.  When  this  has  been  accu- 
rately determined,  place  near  the  specimen,  on  the  slide,  a  coin 
or  other  small  piece  of  metal  which  has  been  heated  to  40°  C, 
and  note  the  change  of  rate.  Afterwards  apply  more  and  more 
heat  by  a  second  and  a  third  application  of  the  coin,  heated  each 
time  higlier  by  immersion  in  hot  water,  and  note  the  result.  Of 
course  this  ver^*  simple  method  of  experiment  does  not  allow  one 
to  determine  the  exact  temperature  to  which  the  specimen  is 
heated,  but  its  temperature  is  only  a  little  lower  than  that  of  the 
coin. 

For  exact  experiments  employ  the  apparatus  described  iu 
557  or  558. 

(2)  What  effect  upon  the  rate  of  movement  does  a  decrease  of 
temperature  cause? 

Prepare  a  fresh  specimen  as  directed  under  (6),  lower  the  tem- 
perature of  the  slide  by  the  application  of  a  coin  which  has  been 
immersed  in  ice-water,  and  note  all  changes  in  the  rate  of  move- 
ment. Still  lower  temperatures  are  easily  secured  by  placing  in 
a  small  copper  cup  on  the  slide  (an  ordinary  copper  cartridge- 
shell  answers  very  well)  a  mixture  of  ice  and  salt. 

If  in  either  of  the  preceding  experiments  the  motion  of  the 
granules  has  been  arrested,  endeavor,  by  revei*sing  the  applica- 
tion, to  re-establish  movement :  thus,  if  the  movement  w^as  ar- 
rested at  the  higher  temperature,  apply  cold ;  if  it  was  arrested  by 
cold,  apply  heat. 
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II.    The  Gain  in  Sub«taxce  by  Assimilation,  and  the  Loss  of  Sub- 
stance DURING  GUOWTH. 

Select  a  number  of  beans  (Windsor,  Horticultural,  Lima,  or 
white),  of  nearl}'  the  same  size,  weigh  ten  of  them,  and  dry  thcra 
earefully  in  a  water-bath  to  ascertain  the  amount  of  water  which 
the}'  contain.  Take  two  otlier  lots  of  ten  each,  weigh  them 
carefully,  i)lant  them  on  moist  blotting-paper  or  wet  sponge,  and 
keep  them  in  a  warm  place  until  the^*  have  sprouted.  When 
the  beans  have  fairl}'  started,  suspend  them  over  the  surface  ol 
water,  with  their  roots  in  it,  as  directed  in  GG9.  From  this  tima 
on,  keep  one  set  of  the  seedlings  in  the  light  and  the  other  set 
in  the  dark,  being  careful  in  each  case  that  the  water  is  supplied 
in  sufficient  quantity  to  make  up  for  all  loss  by  evaporation,  and 
that  it  is  changed  every  third  day.  Let  all  the  conditions  undir 
which  the  two  sets  are  cultivated  be  as  nearh*  alike  as  possil  3, 
with  the  single  exception  that  light  is  jn-esent  in  one  case  a^d 
completel}'  absent  in  the  other.  In  a  couple  of  weeks  the  two 
sets  of  seedlings  will  have  become  large  enough  for  further 
study  :  the  set  grown  in  the  light  will  be  green  and  thrifty,  the 
others  may  be  as  large,  but  they  will  have  a  yellow,  unhealthy 
appearance.  Remove  the  two  sets  from  the  water  and  carefully 
dry  them  separately  over  the  water-bath  as  directed  in  the  case  of 
the  seeds.  When  they  do  not  further  lose  weight,  weigh  carefully. 
Compare  the  weight  of  the  dried  seedlings  with  the  weight  o:* 
the  dried  seeds. 

III.    The  Chief  Conditions  of  Assimilation. 

In  the  examination  of  these,  repeat  with  great  care  the  expert 
roents  detailed  on  page  305. 

IV'.    TiiK  Dkpkndence  of  Okowth  uroN  Heat. 

This  mav  be  shown  in  the  following  manner:  Take  a  sheet  oi. 
tin  or  zinc  about  G  to  8  inches  in  width  and  24  inches  in  length. 
Turn  up  its  ends  at  right  angles  G  inches.  Turn  them  once 
more  at  right  angles,  rather  less  than  half  an  inch  at  the  top 
and  two  and  a  half  inches  at  the  bottom.  This  last  tin*n  will 
hold  a  sheet  of  glass  which  will  form  the  fourth  side  of  a  lx)X, 
narrower  by  two  inches  at  the  l)ottoin  than  at  the  top ;  that  is, 
the  glass  side  will  not  be  vertical,  but  inclined.  Cut  out  a  piece 
of  wire-gauze  of  the  right  size  for  the  l>ottom,  and  either  solder 
or  rivet  it  in  place.  Fill  this  box  with  well-moistened  sawdust. 
Plant  a  row  of  six  or  eight  large  Windsor  beans  in  regular  order 
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in  tlic  sawdust,  near  the  glass  side,  so  that  the  tip  of  each  radicle 
will  start  down  abont  one  fonrtli  of  an  inch  from  it.  If  the  glass 
is  properly  inclined,  the  radicle  will  qnickh'  press  itself  against 
it  and  thus  be  the  more  readily  seen  and  studied  in  its  subse- 
quent growth.  When  the  radicles  are  aI>out  two  inches  in 
length,  withdraw  them,  and  by  the  aid  of  a  fine  caraers-hair 
brush  and  India  ink  mark  them  off  with  precision  at  i*egular 
intervals  of  one  or  two  millimeters,  then  place  each  in  the  same 
place  and  position  from  which  it  was  taken.  It  will  be  found 
that  only  their  tips  grow ;  tlic  marks  above  the  tips  remaining 
the  same  distance  apart. 

Put  a  thermometer  in  the  sawdust  in  order  to  observe  the  tem- 
perature, uiK)n  which  it  will  be  found  the  rate  of  growth  depends. 
Place  the  seecUings  near  the  stove  or  over  a  register  where  the 
temi>erature  of  tlie  sawdust  can  Ikj  gradually'  raised  to  from  28** 
to  30'  C.      Having  pi*eviously  measured  and  noted  the  exact 
length  of  the  radicle  of  each  plant,  observe  its  inci-ease,  while 
the  temperature  remains  constant ,  for  a  given  |>eriod  of  sa^-  from 
live  to  ten  hours.     Next  place  the  case  containing  the  scecllings 
in  an  improvised  ice-chest  (any  box  which  can  be  well  dosed  will 
answer),  and  when  the  temperature  has  Iwen  reduced  to  10°  C, 
or  nearly  that,  measure  the  roots  caivfully  again.     Hold  this 
di'give  of  cold  as  nearly  constant  as  possible  for  five  or  ten  horn's, 
whii-hever  may  have  been  the  perio<l  of  time  in  the  first  case. 
Compare;  the  growth  in  the  two  periods  and  note  tlie  difference. 


.SKrr)ND  SKKIKS.— SPECIAL   EXPERIMENTS. 

I.    DlKFl'SION. 

Place  a  tumbler  containing  an  inch  or  two  of  pure  water  nnon 
a  firm  shelf  where  it  will  not  be  subject  to  any  jarring,  and  put 
in  it  a  vial  filU'd  to  the  ]>rim  with  some  colored  liquid,  for  instancre 
blue  or  purple  ink.  Then  by  means  of  a  tube  or  *'  thistle-fnnnol" 
resting  on  the  bottom  of  tiie  tumbler  pour  into  the  tumbler  water 
encMiLrii  to  (umu)  up  to  the  mouth  of  the  vial,  and  verj'  cantionsh* 
a<ld  uu)iv  until  the  mouth  is  covered  to  a  depth  of  al)ont  an  inch. 
If  the  pouring  has  been  skilfully  done,  there  will  be  scarcelx'  any 
of  the  ink  mixed  with  the  surrounding  water.  Let  the  apparatus 
stand  undistmbed  for  a  wei'k  or  so,  and  note  an}*  changes  in  the 
(jolor  which  mav  be  observed  from  dav  to  dav. 

Try  the  same  experiment  with  a  saturated  solution  of  common 
salt  in  place  of  the  ink,  and  at  intervals  of  three  days  canliously 
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remove  a  little  of  the  water  from  the  l>ottom  of  the  tumbler  by 
means  of  a  small  tube  or  pipette,  and  test  it  for  chlorides. 

II.    Osmose.    Diffusion  thkouoii  a  Membrane. 

Scoop  out  a  small  cavity  in  a  fleshy  root,  for  instance  that  of 
a  carrot,  and  carefull3'  dry  it  with  a  cloth.  Then  fill  it  with  fine 
sugar,  and  let  the  root  stand  in  some  place  where  it  will  not 
be  disturbed.  Note  any  changes  which  take  place  in  the  sugar 
and  in  the  condition  of  the  root.  By  comparative  examinations 
of  the  tissues  removed  and  those  remaining,  ascertain  whether 
anv  of  the  su^jar  has  entered  the  cells. 

Tie  a  thin,  sound  piece  of  parchment  paper  (or,  better  still, 
parchment)  over  the  mouth  of  a  thistle-funnel,  and  fill  the  bulb 
of  the  funnel  with  a  strong  solution  of  common  salt.  Then  sus- 
pend the  funnel  in  pure  water,  so  that  the  level  of  the  water 
outside  corresi)onds  to  that  of  the  brine  inside,  and  keep  the  ap- 
paratus in  a  warm  place,  noting  any  change  of  level  of  the  liquid 
in  the  funnel  tube.  Try  other  substances  in  the  tube ;  for  in- 
stance, dilute  potassic  hydrate,  concentrated  potassic  hydrate, 
syrup,  and  dry  powdered  gum-arabic. 

Carefully  examine  the  upper  surface  of  the  leaf  of  Lilac,  Olean- 
der, or  Echeveria  for  the  presence  of  stomata,  and  if  none  are 
found,  make  the  f(;llowing  trial  with  a  good,  sound,  young  leaf, 
being  careful  to  see  that  the  plant  is  well  watered.  Tut  a  drop 
of  water  on  the  upper  surface  of  the  leaf,  and  dust  upon  it 
either  finely  powdered  sugar  or  salt,  until  the  drop  has  taken 
up  all  it  can,  and  the  mass  looks  nearly  dry ;  then  blow  off  the 
residue,  and  cover  the  leaf  or  plant  with  a  bell-jar.  Keep  it  in 
a  warm  place  and  water  well.  Observe  in  the  course  of  a  few 
hours,  and  at  frequent  intervals  during  the  next  four  or  five  days, 
any  changes  which  the  spot  of  sugar  undergoes.  It  is  a  good 
plan  to  prepare  several  such  spots  with  dillerent  substances. 

III.     Pellicle  Precipitates. — Tuaubf/s  Artificial  Cell. 

Dissolve  .0  grams  of  pure  potassic  ferrocyanide  in  100  cubic 
centimeters  of  pure  water.  Place  some  of  the  solution  in  a  test- 
tube  having  a  foot,  and  drop  into  the  tube  a  small  fragment  of 
moist  chloride  of  copper.  Observe  the  changes  which  take  place 
in  the  shape  of  the  film  which  instantly  forms  around  the  frag- 
ment. Try  the  same  experiment  with  a  saturated  solution  of 
potassic  ferrocyanide,  and  afterwards  with  solutions  containing 
respectiveh*  1  and  10  per  cent  of  the  ferrocyaniilc. 
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What  cfToots  are  produce<i  when  a  solution  of  potassic  ferro- 
cyaniiie  is  sIiakcMi  up  witli  a  solution  of  copi)cr  chloride? 

The  pellicle  precipitates  can  be  further  examined  as  directed  on 
pa<xe  220.  Calcic  chloride  and  sodic  carlnjuate  can  be  employed 
in  the  examination  instead  of  the  substances  there  mentioned. 

IV.     Pfeffeu's  Artificial  Cell. 

Repeat  Pfeffer's  experiments  (page  227),  with  all  the  precau- 
tions tliere  advised. 

In  every  case  where  a  manometer,  or  pressure-gauge,  is  to  be 
used,  corrections  must  be  made  for  temperature  and  for  baro- 
metric pressure  according  to  the  directions  given  in  such  works 
as  Bunsen's  "'Gasometry." 

V.     AnsnumoN  of  Water. 

^loisten  one  side  of  a  perfectly  flat,  thin  piece  of  hard  wood, 
for  instance  the  holly-wood  used  for  scroll-sawing,  and  note 
any  change  of  form  which  occurs.  What  effect  is  produced  by 
moistening,  in  the  same  way,  the  other  side  of  the  woo<l? 

P'ill  a  strong  stone  bottle  with  large  dry  seeds  of  known  weighty 
for  instance  l)enns.  and  put  it  in  a  pail  of  water  so  that  the 
water  can  pass  into  its  mouth.  If  the  bottle  should  bi'cak  in  a 
few  hours,  reujove  quickly  with  blotting-paper  all  the  outside 
moisture  from  the  seeds,  and  determine  their  increase  in  weight 
due  to  absorption  of  water. 

Place  a  thi-nnouieter  bulb  in  a  tumbler  half  full  of  dry  starch  ; 
slowly  a<ld  to  this  water  of  exactly  tlie  same  tempemturo,  and 
note  any  change  of  tiMuperature  whicli  accompanies  the  absonv 
tion  of  the  water  by  the  starch. 

Weigh  a  ileshy  root,  and  carefully  dry  it  in  a  water-hath,  to 
determine  the  amount  of  water  wiiich  can  be  expelled  at  100^  C. 
Then  raise  the  temperature  of  the  root  to  somewhat  alK>ve 
lOOH'.,  by  carefully  heating  it  in  a  sand-bath,  and  observe  anv 
loss  of  weight.  Determine  also  the  auKnuit  of  water  contained 
in  a  fibrous  root  <»f  Indian  corn,  a  small  woody  stem,  ^*  dpy  '* 
wood,  leaves  of  Indian  corn,  liegonia,  and  Sedum,  the  pulp*  of 
an  a|>ple.  grains  of  wheat. 

Alter  the  above  substances  have  lK»en  thoroughly  diieil  and 
weighed,  immerse  them  in  water  for  one  hour,  wipe  them  as  dry 
as  possible  by  means  of  blotting-paper,  and  weigh  again.  How 
nmch  water  can  each  absorb  in  one  hour?  In  like  manner  as- 
cert^ain  how  much  they  will  absorb  in  ten  hours  and  in  twenty- 
four  hours. 
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\l.    Root-Absorptiox. 

Repeat  the  following  experiments  b}*  Ohlert :  — 
Cut  off  the  so-called  spoiigioles,  the  very  tips  of  the  roots  of 
sound  seedlings  which  have  been  cultivated  for  a  few  days  upon 
moist  sand  or  sponge  (or,  better  still,  with  all  the  roots  in  water), 
and  cover  the  wounds  with  asphalt- varnish.  The  wounded  end 
of  the  root  must  be  quickly  dried  with  blotting-paper  before  the 
varnish  is  applied.  Then  put  the  roots  of  the  plant  again  upon 
their  moist  support  or  in  water,  and  endeavor  to  answer  by  care- 
ful observation  the  question  :  Does  or  does  not  the  plant  absorb 
enough  water  for  its  needs  without  the  '*  spongioles"? 

Cultivate  seedlings  of  one  or  two  plants,  for  instance  radish 
and  wheat,  upon  (1)  rather  dry  sand ;  (2)  moist  sand ;  (3)  wet 
sand,  or  upon  blotting-paper  of  these  three  degrees  of  moisture, 
and  notice  if  tliere  is  any  appreciable  difference  in  the  number  of 
root-hairs  produced.  Can  the  development  of  the  hairs  be  in- 
creased by  increasing  slightly  the  temperature  of  the  support? 

VII.    Root  Puessuue. 

Cut  off  squarely  the  stem  of  a  young  dahlia  or  sunflower  well 
rooted  in  a  flower-pot  of  moderate  size,  and  to  the  stump  fasten 
immediately  a  T-tube,  with  its  pressure-gauge  as  directed  on 
l)age  2G4.  Ascertain  the  pressure  shown  by  the  mercurial  gauge 
at  intervals  of  an  hour,  and  determine  also  the  eli'ect  of  chang- 
ing the  temperature  of  the  soil  in  the  flower-pot. 

VI II.    Stem  Piiessuke. 

Appl}*  a  pressure-gauge  to  the  cut  stem  of  some  woody  plant 
well  established  in  a  flower-pot  (for  instance,  a  strong  rose),  and 
ascertain  the  amount  of  pressure  exerted  by  the  sap. 

In  the  winter  time  or  early  spring  try  the  experiments  referred 
to  on  pages  2G4-267. 

IX.      TUAKSFER   OF   WaTER  THROroH   StEMS. 

Repeat  I)e  Vries's  experiments  described  on  page  263.  For 
these,  stems  of  sunflower  and  tobacco  answer  very  well,  while 
those  of  heliotrope  are  not  very  goo<l.  Ascertain  the  height  to 
which  a  color  (as  anilin  red)  will  rise  in  tlie  cut  stem  of  a  young 
woody  plant  under  different  conditions  of  warmth,  exposure  of 
the  leaves  to  light,  etc.  Repeat  the  experiment  with  a  strip 
ot  blotting-paper,  described  on  page  2G0.     Try  the  foregoing 
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with  the  substitution  of  a  salt  of  litliium  for  the  dve,  and  deter- 
mine  the  rate  of  ascent. 

It  will  l)e  well  for  the  student  at  this  point  to  review  earefaliy 
the  principal  facts  reganling  the  amount  of  moisture  which  the 
atmosphere  can  take  up  at  different  temperatures.  In  all  trans- 
piration exixM-iuieuts  he  should  determine  the  percentage  of 
moisture  in  the  atmosphere  to  which  the  leaves  of  the  plants 
are  exposed,  and  for  this  puri)ose  the  well-known  Hygrodeik, 
or  Ihjjropliant,  may  be  employed.  But  if  only  the  simple  wet 
and  drv  thermometer  bulbs  slvq  at  hand,  the  student  can  find 
all  necessary  data  for  his  calculations  in  the  Uibles  publishett  by 
the  Smithsonian  Institution. 

Place  in  a  watch-glass  uu<ler  the  microscoi>e  water  containing 
finely  powdered  ind'sio,  and  immerse  in  it  the  clean-cut  surface 
of  a  leafy  shoot  Observe  in  which  direction  the  indigo  particles 
move. 

X.    Tkanspiuation',  oh  Exhalation. 

Repeat  the  following  experiment  devised  by  Ilenslow :  ^'  Take 
six  or  eight  of  the  largest,  healthiest  leaves  you  can  find,  two 
tumblers  filled  to  within  an  inch  of  the  top  with  water,  two 
emi)ty  dry  tumblers,  and  two  pieces  of  cairl  each  large  enough 
to  cover  the  mouth  of  the  tumbler.  In  the  middle  of  each  card 
l)ore  three  or  four  small  holes  just  wide  enough  to  allow  the 
petiole  of  a  leaf  to  pass  through.  Ix't  the  petioles  hang  sutH- 
ciently  de<'p  in  the  water  when  the  cards  are  put  ujKjn  the  tum- 
blers containing  it.  Having  arranged  matters  thus,  turn  the 
empty  tinnhlers  uphide  down,  one  over  each  caixl,  so  as  to  cover 
the  blade  of  the  h'aves.  Placre  one  pair  of  tumblei*s  in  the  sun- 
shine, the  <»ther  pair  in  a  shady  place.  In  five  or  ten  minutes 
examine  the  inverted  tinnblers." 

Tie  a  i)ieee  of  thin  rubber-cloth  around  the  flower-ix>t  and 
lower  part  of  the  stem  of  any  young  leafv  i>lant,  and  weigh  the 
wjiole  ujK)n  a  counnon  balance  capable  of  turning  with  a  deci- 
gram, undi'r  a  lead  of  two  or  three  kilograms.  If  nothing  hotter 
can  be  procured,  one  of  the  best  forms  of  small  platform  bnlauce 
will  answer.  A  thistlo-funnel  should  be  tied  up  with  the  stem, 
so  that  water  can  be  snp[)lied  to  the  i)lant  as  required.  Ascer- 
tain the  amoiuit  of  transi>iration  from  the  foliage  of  the  plant 
during  twenty-four  hours  under  the  following  conditions  :  (1)  at 
a  temperature  not  falling  below  00^  F.  (about  IG^  C)  ;  (2)  at  a 
temperature  not  rising  above  40^  F.  (aliout  4^  C). 

What  is  the  loss  of  moisture  in  one  houi  under  direct  exposure 
to  the  brightc?st  sunlight?    Note  temperature  and  moisture  in  the 
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air.  What  is  the  effect  upon  transpiration  of  placing  the  flower- 
pot in  some  crushed  ice,  the  temperature  of  the  air  remaining 
about  the  same  as  before  ? 

Determine  the  minimum,  maximum,  and  optimum  temperature 
for  transpiration  of  any  suitable  herbaceous  plant,  for  example, 
a  Pelargonium  (House  Geranium). 

XI.    Extravasation  from  Leaves. 

Cover  a  young  health^'  plant  of  Indian  corn  or  wheat  with  a 
bell-jar,  being  careful  to  keep  it  warm.  If,  after  a  little  time, 
a  drop  of  water  should  appear  at  the  tip  of  any  of  the  leaves, 
remove  it  by  blotting-paper,  and  replace  the  bell-jar.  What  is 
the  lowest  temperature  at  which  water  is  thus  given  oil'  by  young 
leaves  of  the  above  plants? 

If  a  young  Caladir.m  is  at  hand,  examine  the  tip  of  the  leaf 
for  the  jet  of  water  (page  2G8)  which  can  sometimes  be  seen. 
If  the  plant  is  a  suitable  one,  and  the  jet  can  be  seen  at  all, 
ascertain  the  lowest  temperature  at  which  it  is  ejected. 

XII.  Incombustidle  Maiteus  in  the  Plant. 

Burn  upon  platinum  foil  (free  access  of  air  being  permitted), 
known  weights  of  the  following  substances,  and  weigh  the  ash 
led  in  each  case:  (1)  oak-wood,  (2)  pine-wood,  (3)  a  young 
leaf  of  any  plant,  (4)  a  much  older  leaf  of  the  same  plant  (for 
instance  raspberry),  and  (5)  some  grains  of  Indian  corn. 

If  no  platinum  foil  is  at  hand,  burn  the  substance  in  a  hard 
glass  tube  open  at  both  ends  and  held  slightl}*  incHned  in  the 
flame  of  an  alcohol  lamp  or  ofaBunsen  burner.  If  the  glass 
tube  is  used  instead  of  platinum  foil,  weigh  the  tube  and  the 
substance  together  before  heating,  and  afterwards  weigh  tube 
and  ash  together  to  obtain  the  difference  in  weight. 

XIII.  Examination  of  the  Ash  of  Plants. 

If  the  student  has  facilities  for  conducting  qualitative  chemical 
analyses,  he  would  do  well  to  examine  the  ash  of  the  following 
plants  :  Sugar-beet,  Buckwheat,  and  Oat. 

If  he  has  had  sufflcient  practice  in  quantitative  chemical 
analysis  to  warrant  it,  an  examination  of  the  ash  of  some  one 
of  the  plants  which  have  been  spoken  of  in  GG4  and  665  would 
form  a  useful  exercise.  The  investigation  of  the  ash  of  a  single 
species  at  different  seasons  is  recommended. 
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X1V\    Water-Culture. 

In  the  study  of  water-culture  no  plants  can  be  more  easiij 
managed  than  buckwheat  and  Indian  com.  Secure  good  seed- 
lings, and  tivat  them  as  described  in  GGi).  After  the  plants 
have  become  well  established  in  their  new  surroundings,  use  for 
the  nutrient  liquid  the  following  solutions  in  a  fixed  oixier,  and 
with  the  precautions  laid  down  on  page  249. 

1.  Well-water,  or  other  drinking-water. 

2.  Distilled  water  with  |K>tassic  nitrate. 

3.  '"  '*         '"  ''       chloride. 

4.  "  *'         "    magnesic  sulphate. 
6.          "  "         "    calcic  chloride. 

6.  '*  *'         ''        ''     sulphate. 

7.  "  "         "    polassic  phosphate. 

8.  Nutrient  solution    1.(672). 

9.  ''  **       II.  (673). 

10.  Distilled  water  alone. 

XV.    Assimilation  Puoper. 

Chlorophyll  and  othe}'  colorimf -matter 8.  Make  a  solution  of 
the  i)ij^ment  by  placing  bruised  leaves  of  grass  in  strong  alc*ohol 
for  a  lew  hours,  and  keeping  them  from  the  light.  It  is  well  to 
prepare  at  least  ten  ounces  of  the  strong  extract,  which  can  be 
used  in  all  the  following  experiments. 

Examine  the  color  of  about  an  ounce  of  the  above  extract  held 
in  a  small  vial.  What  is  its  color  by  transmitted  and  by  re- 
flected light?  In  the  latter  examination  it  is  better  to  throw  a 
strong  light  from  a  burning-glass  or  double  convex  lens  upon  the 
surface  of  the  liquid.  How  long  will  the  liquid  keep  its  color  in 
the  strong  light? 

Treat,  as  directed  in  774,  one  ounce  of  the  extract  which  has 
not  been  exposed  to  light,  and  place  the  turbid  mixture  aside  in 
a  dark  place  until  it  becomes  clear.  What  are  the  colors  of  the 
upper  and  the  lower  layer  into  which  it  separates? 

If  a  microspectroscope  is  available,  make  on  paper  projections 
of  the  s[)octra  of  the  following  substances:  (1)  Chlorophyll  solu- 
tion, (*2)  the  upper  layer  of  the  liquid  just  mentioned,  and  (3) 
the  lower  layer  of  the  liquid.  Examine  also  the  spectrum  of  a 
thin  green  leaf. 

If  possible,  examine  the  colors  of  autumnal  leaves,  and  of 
alcoholic  extracts  from  colored  flowers  and  colored  fruits. 
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Place  a  few  hmI  sea-weeds  in  pure  water,  and  let  them  remain 
there  for  ten  lioiirs.  What  is  the  color  of  the  water  by  (1)  trans- 
mitted light?  (2)  by  reflected  light?  Extract  the  coloring-niatter 
of  red  sea-weeds  by  means  of  alcohol,  and  compare  the  alcoholic 
with  the  aqueous  solution. 

What  is  the  c()h)r  of  an  alcoholic  extract  of  the  bruised  tissues 
of  Monotropa  uniflora? 

K'lnJution,  Keep  seedlings  in  a  warm,  d:nk  i)lace  until  they 
have  lost  their  green  color,  and  tlien,  iiaving  removed  some  of 
their  leaves  for  immediate  examination,  place  the  plants,  with  the 
remaining  leaves  attached,  in  the  light.  Make  alcoholic  extracts 
of  the  blanched  leaves  and  of  the  green  ones,  comparing  them 
from  all  points  of  view. 

Examine  pine  seedlings  grown  in  complete  darkness,  and  ascer- 
tain the  nature  of  the  pigment  which  their  gri'cn  cells  contain. 

Curhiniir  tuid  and  asiiimlhttion,  ('omj)are  at  the  end  of  two 
or  three  weeks  the  drN'  weights  of  two  seedlings  grown  under  the 
following  conditions  :  Both  the  seedlings  have  furnished  to  them 
exactly  the  same  kind  and  amount  of  soil,  and  are  provided  with 
equal  amounts  of  nutrient  solutions  at  corresponding  times ; 
both  are  placed  under  tubulated  bell-jars,  and  have  the  same 
amount  of  mr)isture  in  the  atmosphere  to  which  they  are  exposed. 
The  seedling  in  one  bell-jar  obtains  a  supply  of  carl)onic  acid 
gas,  since  there  is  an  oix'uing  in  the  jar  through  which  the  en- 
closed air  communicates  with  that  outside  containing  its  normal 
proportion  of  carbonic  acid.  The  seedling  in  the  other  jar  has 
no  carlM)nic  acid  supplied,  since  a  cup  which  contains  potas- 
sic  hydrate  deprives  the  air  already  in  the  jar  of  all  its  carbonic 
acid,  and  an  open  receptacle,  filled  with  pumice-stone  satu- 
rated with  potassic  hv<lrate,  removes  all  carbonic  acid  from 
an}'  air  entering  the  jar.  One  plant  is  thus  furnished  with 
enough  available  carbonic  acid,  the  other  is  in  an  atmosphere 
whollv  free  from  it. 

In  a  m(Klification  of  the  foregoing  experiment,  supply  a  known 
quantity  of  carl>onic  acid  in  a<[ueous  solution  to  the  /<c»//of  the 
Seconal  plant.  Inking  careful  to  prevent  by  means  of  a  cover  of 
rubber-cloth  any  escape  of  the  carbonic  acid  from  the  soil  of  the 
flower-|H)t  into  the  air  of  the  jar,  and  after  a  few  days  compare 
the  weights  of  the  plants  as  In'fore. 

Can  a  water  plant  derive  its  carbonic  acid  from  water  contain- 
ing a  small  amount  of  sodic  bicarlwnate  in  solution? 

Add  to  the  normal  air  contained  in  a  freshly  filled  bell-jar,  in 
which  a  seedling  is  gio~  quantity  of  pure  carbonic 
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aeid.^  Ltitor,  iloiiblo  and  ([uadruple  th(»  quantity  acUkiK  and 
olisiTvc  the  etfi'ot  prcxhu-od  ui)on  the  plant.  Exporimenl  with 
dirttTiMit  specios  of  It'rns  and  club  mosses  in  tlK»  sanio  manner. 
Observe  in  anotlu-r  series  of  exi)eriinents  tho  etl'eet  <»f  sunlight 
in  niodifvinjj:  the  intluenee  of  an  excess  of  carbonic  acid  gas  m 
the  atniosphen*. 

Tin  ituasure  af  ftssit/iihttice  actirifi/  is  to  be  found  either 
in  the  anmunt  of  pure  oxygen  evolved  in  assimihition.  or  in  the 
amount  of  carbonic  acid  decomi)osed  in  it. 

1.  Determinations  depending  upon  the  amount  of  oxygen 
evolved  :  The  gas  which  is  given  off  during  assimilation,  es|>c- 
<ially  by  water  plants,  is  never  absolutely  pure  oxygen  ;  but 
since  it  contains  so  small  a  i)roportion  of  other  matters  under 
nnwt  circumstances  which  the  student  is  likelv  to  meet,  the 
amount  of  it  evolved  may  Ik*  taken  safely  as  the  (tjtjjroxhnftte 
measun*  of  assimilation.  The  method  of  measurement  bv  count- 
ing  bub])le>  t'uiitied  by  water  plants  in  water  (see  HH)  is  always 
practicai'le  and  ca^^v  of  execution.  The  evolved  2:-^  can  W 
easily  c(>llecte<l  in  any  etinvenient  inverted  rec(»ptJicle.  If  the  gas 
collected  and  measure<l  is  analyzed  eudiometricall}*,  as  directed 
in  Hunsen's  *  (iasometrv,"  the  determination  leave*  .:itie  to  l>e 
desired. 

2.  Determinations  depending  upon  the  amount  of  carbonic 
acid  decomposed.  To  the  air  contained  in  a  glass  vessel  in- 
verted over  mercury  a  known  (luanlity  of  carl>onic  aci<i  is  adcle<i. 
The  plant  previously  placed  in  the  receptacle  decomposes  a  part 
of  this,  and  after  a  given  time  the  amount  decomposed  is  ascer- 
tained bv  measurement  of  the  carbonic  acid  that  remains. 

Jijf'fcts  (tf  (lijf't^mut  f/asf.^  upon  assiynilation,  A  few  plants 
and  two  or  three  small  Wardian  cases,  or,  better,  capacious  bell- 
jars,  will  answer  for  this  study.  Seh'ct  only  sound  plants  for 
examination,  and  be  careful  to  have  those  in  one  bell-jar  as  nearly 
as  po<sil)le  of  the  same  size  an<l  strength  as  those  in  the  others. 
Let  the  air  in  one  of  the  jars  i»e  ordinary  atmospheric  air  ;  to  that 
ill  the  <»th<rs  add  a  known  but  small  (juantity  of  one  of  the  fol- 
lowing irases  :  namely,  ( I )  common  coal  gas  ;  (2)  sulphurous  acid  ; 
(.5)  chlorine.  Compare  the  growth  and  vigor  of  the  plants  from 
time  to  time,  and  observe  whether  insolation  makes  an3'  ditferencc 
in  the  appearance  of  the  plants  c?xposed  to  the  gases  nienticned. 


1  III  all  <ns<'s  wlicrr  an  a<l«Uti(»nal  amount  of  gjis  is  intiYxbieoii  into  r  U'll- 
jar,  allowance  nni>l  Ik*  made  in  snmu  way  lor  tin*  po^ssiblc  increasi*  of  j»ii^>iir»'. 
For  tin*  n«Mi'>sjirv  rorriMtion  in  tln*s<'  cases,  and  for  other  details  ii»gai\liiig  the 
niiinaj^i'incut  of  j^jises,  <onMi]t  BunM-n's  **  riusometry." 
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XVI.    HKsnnATioN. 

The  measure  of  tliis  process  in  usually  found  in  the  amount 
of  carbonic  acid  given  off  by  plants.  The  methods  of  deter- 
mination of  this  amount  are,  although  apparently  simple,  open 
to  some  objections ;  but  by  the  exercise  of  great  care  in  the 
maniigement  of  the  simple  appliances,  their  results  are  in  gen- 
eral trustworthy. 

The  carbonic  acid  which  is  given  olf  by  the  plant  may  be 
measured  in  one  of  the  two  following  ways:  (1)  A  current  ot 
air  freed  from  all  its  carbonic  acid  bv  means  of  wash-bottles  con- 
taining  [X)tassic  hydrate  is  allowed  to  pass  into  a  receptacle  in 
which  are  confined  the  plants  to  be  examined.  The  air  with- 
drawn from  this  receptacle  passes  slowly  through  Liebig*s  i)otash 
bulbs  in  which  are  held  a  known  amount  of  potassic  hydrate. 
At  tiie  conclusion  of  the  observation  the  amount  of  carbonic  acid 
which  has  been  given  off  by  the  plants  and  ])een  taken  up  l>y  the 
potassic  hydraU*  in  the  bulbs  can  be  accurately  determined. 
(2)  The  current  of  air  which  is  withdrawn  from  the  receptacle 
containing  the  plant  is  permitted  to  pass  very  slowly  through  a 
long  slightly  inclined  tube  in  which  is  held  a  solution  of  pure 
baric  liydrat<\  As  the  bubbles  of  gas  pass  through  this  liquid 
and  give  up  their  carbonic  acid,  they  cause  an  abundant  precipi- 
tation of  baric  carbonate  in  it.  The  second  method,  which  is 
essentially  that  of  Pettijnkofer.  yields  uniform  results,  and  is 
in  general  to  be  preferred  to  the  first.  It  is  better  applicable 
to  ol)servations  upon  intramolecular  respiration  ;  in  which,  as 
point<*d  out  in  1)81,  some  gas  like  nitrogen  or  hydrogen,  wholly 
free  from  any  trace  of  oxygen,  is  allowed  to  come  in  contact  with 
plants  or  parts  of  plants,  and  the  amount  of  carbonic  acid  given 
otf  is  determined  as  in  the  former  case.  Interesting  results  are 
obtained  by  placing  in  the  receptacle  very  young  seedlings,  or 
buds  which  have  just  begun  to  unfold. 

XVll.    OnowTii. 

The  iiioasureiiioiit  of  grrowth.  (irowth  can  be  satisfact<jrily 
measured  in  the  three  following  ways,  each  of  which  is  adapted 
to  particular  instances  :  — 

I.  Direct  mcusunDnent.  Determine  the  i>lace  and  rate  of 
growth  of  young  internodes  of  any  rapidly  developing  plant,  for 
instance  Morning  Glory,  by  marking  the  wholi*  space  of  the 
internoiles  into  etjual  intervals,  and  subsequently  determining 
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till'  actual  increase  in  distance  between  any  two  or  more  lines. 
In  all  cases  mark  the  part  under  examination  with  gooil  India- 
ink,  uiakinix  clear,  narrow  lin«*s.  To  avoid  any  iK)ssil)le  error 
causiHl  by  intiucnce  of  linos  markinl  only  on  one  side,  make 
lines  on  lK)th  sides  of  a  part  wheneyer  possible.  To  measure 
llu*  gn>wlh  of  leaves,  use  the  method  spoken  of  on  page  156. 

'2.  M»tiiiHrniniit  btf  a  mirromtter  et/e^j  itce.  With  the  tube 
of  the  iniirosco|H'  kept  jHTfeclly  horizont:U,  examine  the  {x>sition 
of  a  line  of  Intlia-ink.  n|M)n  a  {)erianth  leaf  of  Crocus,  or  u|Km 
the  nH)i-eap  i>f  Windsor  bean.  Obser>'e  the  space  which  the 
iuitme  of  the  line  appears  to  pass  through  in  a  given  time,  an«l 
n  iVr  Xh\>  to  the  previously  tletermined  values  of  the  spaces  of 
the  micrometer. 

l\.  Mtiisuriimnf  hij  iUi  imJejc.  (</)  On  a  simple  arc.  For 
thi>  use  the  simple  and  admirable  mo<lifieation  of  Sachs's  aux- 
ant»iiuter,  devisiil  by  lii'ssey  (American  Naturalist). 

J*\  On  a  reouxling  «lrum.     A  slemler  brass  or  steel  shaft  is 
attaelunl  to  the  hour-spiutUe  of  a  cheap  clock,  and  from  the  shaft 
is  sii>|Hndol  finnly  a  stitf  pastelK>ard  «lrum  of  about  the  same 
size.      This    revt lives  with   the   spindle,    and   if  well   made    is 
tarried   without  any  appn-eiable  vibration.     A   piei*e  of  glazed 
p.MjH  r  of  the  size  *.^(  the  drum  is  moistened,  and  a  little  mucilage 
pl;\«r.l  on  one  i'i\zv,  <o  that  when  the  |uiix»r  is  rolled  aiv>uDd  the 
«irimi.  ii<  oIlT'-^  '-an  be  tirmly  fasteniMl  together.     Be  careful  to 
h:i\«'  ihe  se:iin  ill  tile  pa|H-r  so  placi.Ml  as  to  avoid  any  cat<.4iiiig 
*»l"  tlu'  IHM-.1K-  ini.  \  attarlhtl  to  \\w  plant.     When  the  pa|>er  on 
thr  .liii:ii  i-  dr\.  it  i-  <mokinl  lightly  and  evenly  over  a  smokv 
tJirpi  n'inr  r!:iin  .     Tin-  n»>edle   at   the  tip  of  the  index   is  now 
pKirr.i  ;ii::tiii^i  T:n*  Miv »ked  |>a|»i*r  >o  as  to  press  lightly  upon  it, 
nni.  :i^  \\w  '\\>\  w  rt\"lves,  leave  a  eUan  mark.     When  a  sutli- 
k'm  \,\\\  i"Ti::  n-'-. •:•!  1i:j^  Uh-ii  n*;ii>teritK  the  |ia|»er  is  caivfullv 
u:...«\..i  ;..;  i  <r.    .•    t  i:i  \\v*\  br:i^!ud  with)  a  solution  i»f  ixnnrai»n 
ii»^  1.   ".:»  ;iii-«»Ii<«i.  \N..'-:i  u\»*\\  '\\\\\i'S  pn.*vent^  auv  of  thv   lami>- 

fu  •  ••:nc::"  ^  :•:•'  iir'-i^^nr;  \\\\\\  \\\\<  simple  apparatus; 
•.  1  ^  r  *  -'  ••■ir\r  -•:"  :;n  'it  ^■•■ii  !".■._:  ijit-.ilf  ai  the  eiitl  i,f  i»>t 
r:viir.^  :  "J  !* -r  :\\\\  *\\:\\\z*'^  in  t  ,r  }-'^i!i«»n  of  the  neeilK-  c:aus<ii 
•<y  !:..■  \:ir;.  iiiii  ;t:5i'»r.r,:  • -f  :ij*»i^inrr  in  llu-  air. 

F'»r  n--. •' liniT  t«  •ni-nu;::*  .  i*  i<  j-i^-iMt-  to  nse  a  melallio 
t".:..  nn->:int'  v  wiili  n  J-milt  iri.v.  :in']  have  the  two  nN."OT\i>  sidv 
':  y  ^i'h'.  I:  >  wtil.  ht»wiv,  ;.  \.^  |,:ivi-  tht  nei-^Ue  for  Uk-  llior- 
i:;':^'  T'T  z.^v  a  •lirftTi-nt  n.urk  iii  oiTur  t«>  pn-vent  any  suI^soqikdi 
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The  proper  methods  of  examining  the  formation  of  new  cells 
in  a  simple  case  are  indicated  in  the  studies  upon  a  stamen-hair 
of  Tradescautia  noted  on  page  380. 

XVIII.    Movements  of  Plants. 

The  student  is  advised  to  select  some  one  plant  in  a  vigorous 
condition  and  make  a  thorough  examination  of  all  the  phenomena 
of  movement  whi(^h  it  presents.  The  plants  named  below  are 
among  the  best  for  such  an  examination,  and  tiiey  can  be  made 
to  grow  even  under  rather  unfavorable  conditions,  like  those 
afforded  by  schoolrooms. 

Spontaneous  movements,  Desmodium  gjrans,  the  Morning 
Glory,  or  Hop,  may  be  used.  The  first  requires  a  high  tem- 
perature and  a  fair  amount  of  moisture  in  the  air  in  order  to 
exhibit  its  peculiar  movements  satisfactorily. 

Movements  following  shock.  The  Sensitive  plant  (Mimosa 
pudica)  should  be  observed.  It  can  be  experimented  upon  with 
various  kinds  of  imtants,  both  mechanical  and  chemical,  at 
various  temi)eratures,  and  under  the  influence  of  anaesthetics. 
For  the  experiments  with  ausesthetics  only  very  young  plants 
are  suitable,  and  they  cannot  well  be  used  afterwards  for  other 
iuvestigations. 

In  the  case  of  all  of  the  above  plants  note  an}'  changes  which 
the  leaves  undergo  during  the  da}'  and  at  the  approach  of 
night. 

The  details  given  in  1045  suffice  to  indicate  the  general  method 
of  exaggerating  by  means  of  slender  glass  threads  the  slow  and 
slight  movements  of  plants,  and  do  not  need  further  treatment 
here.  For  observations  with  such  threads,  the  following  plants 
are  very  useful :  seedlings  of  the  Morning  Glory,  clover,  cress, 
cabbage,  and  sunflower. 

XIX.    Thnsion  of  Tissues. 

Make  sections  of  young  internodes  as  directed  in  1025,  secur- 
ing in  every  case  accurate  measurements  of  all  the  parts,  both 
before  and  after  their  separation.  It  will  be  well  to  examine  in 
like  manner  a  large  numl)er  of  young  roots,  stems,  leaves,  and 
parts  of  flowers,  noting  in  all  cases  the  age  of  the  part  examined. 

XX.    Inrkctivouous  Plants. 

In  the  study  of  these  plants  the  student  is  advised  to  read 
carefully  Mr.  Darwin's  work  on  the  subject,  and  verify,  by  means 
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of  g(HKl  8j)ecimenH  of  Drosera  rotundifolia,  the  facts  there  re- 
c-onknl.  Students  are  reminded  that  Mr.  Darwin's  observations 
were  miuk*  with  the  simplest  appliances,  and  with  a  degree  of 
can-  never  i'Xci*Hed. 

For  iiKk'pcndent  stud}'  abundant  material  may  be  found  in  the 
common  Sarracenias  of  the  North  and  South,  in  regard  to  which 
very  much  still  remains  to  be  learned. 

XXI.     ClidSS-FERTILIZATrON. 

For  this  study,  rei>oat  the  observations  of  Darwin  as  they 
arc  j^ivcn  in  his  work  on  Cross  and  Self  Fertilization  ;  or  if  that 
is  not  at  hand,  as  they  are  briellv  stated  in  the  abstract  iu  the 
present  vohjiue,  pages  448-450. 

XXII.   Hybkiihzino. 

With  thi'  precautions  given  on  page  150  the  student  should 
Ik'  able  to  undertake  i*xperiments  in  hybridizing  species  of  tlie 
following  common  genera,  all  of  which  h*nd  themselves  readily 
to  this  process:  Nicotiana,  Verbascum,  Lilium,  etc.  Be  care- 
ful to  excludi-  foreign  pollen  in  all  cases. 

XXI 11.     TllK    iJirKMNO   nF    FkI'ITS   AM)   SeEDS. 

(h)(k1  material  for  this  studv  is  atlorded  bv  the  followinjr 
l)huits :  Solanum,  Impatiens,  Tyrus,  Prunus,  and  Tecoma. 

XXIV.     r.J  r.MINATInN. 

ScK'ct  sound  sci  ds  of  some  common  plant,  for  instance  ]>eans 
or  Indian  coni,  and  test  with  tliem  the  truth  of  the  foUowiinr 
statements  :  (  1 )  Water  is  essential  to  germination.  (2)  Germi- 
nation cannot  begin  without  access  of  free  oxygen.  (3)  S<*eds 
of  tli(*  plants  selected  re(juirc  the  same  temperature  for  the  Ih*- 
ginning  of  germination.  (1)  When  the  process  of  germinati<m 
has  once  heirun.  light  is  necessary  to  any  increase  of  the  plant  in 
dry  substaiic<'  (compare  (wperiment  Si'iies  1,  No.  II.).  (.">)  Car- 
bonic acid  is  constantly  given  oil'  dining  giM'mination.  ((*,)  In 
some  casivs  carbonic  acid  will  continue  to  be  evolved  even  when 
no  more  oxygen  is  supplied  ( comjiare  intramolecular  respira- 
tion). (7)  The  temperature  of  germinating  seeds  is  higher  than 
that  of  the  surrounding  atmosphere  (compare  respiration). 

What  is  the  optimum  amount  of  water  rcfpiired  for  the  spcH?dv 
gernnnation  of  the  following  seeds,  —  Windsor  beans,  peas, 
clover,  squash,  and  sunllower? 
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What  18  the  optiinurn  amount  of  oxygCMi  required  ? 

What  is  the  optimum  temperature  required? 

Compare  the  precocity  of  unripe  and  ripe  seeds  of  an}'  plant. 


XXV.    Effects  of  fi:ost. 

Wrap  up  a  leaf  of  Begonia  in  thin  rubber-cloth,  to  protect  it 
from  moisture,  and  place  it  in  a  freezing  mixture  of  pow<lered 
ice  an<l  salt.  After  an  hour  examine  the  tissues  of  tl^e  leaf  with 
special  reference  to  an}'  mechanical  injury  wiiich  they  may  have 
sustiiined.  Having  comph'ted  this  preliminary  study,  p!ocee<l 
to  the  examination  of  any  \vell-deveIope<l  seedlings,  and  note  in 
every  case  (1)  the  effect  produced  u[>on  the  parts  which  have 
been  quickly  thawed  ;  (2)  the  effect  where  thawing  has  been 
allowed  to  go  on  verv  slowlv. 

Freeze  anv  stroma  seedlings  and  al\er  a  time  thaw  them 
slowlv.  Place  them  then  under  favoral)lc  conditions  for  growth, 
in  order  to  ascertain  whether  their  vitalitv  has  been  destroved. 
Ju  cases  where  death  of  the  part  or  plant  ensues,  does  it  appear 
to  come  from  the  freezing  or  from  the  thawing? 
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